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PREFACE 



Thi^ Summary Report contains, in greatly abridged form, the major 
findings and recommendations of the British Columbia Mathematics Ass- 
essment. A more complete rendering of the results of the Assessment 
may he found in the three other reports in the series: Report Number 1, 
Test Results; Report Number 2, Teacher Questionnaire;^ and Report Number 
3, Technical Report. Copies of all of these reports ate available upon 
request from the Learning Assessment Branch, Ministry of Education. 

Many people contributed to the Assessment in various ways, and 
their contributions were greatly appreciated. The teachers of mathe- 
matics throughout the province and their students completed the Assess- 
ment tests and questionnaires. Members of the Mathematics Curriculum 
, Revision Committee, the Review Panels, the' Interpretation Panels, and 
the sjiaffs and students* of the pilot schools assisted in the development 
of the objectives of the Assessment and of the student tests. The staff 
of the B.C. Research Council provi(Jed highly professional and expert 
technical services to the Contract Team in all phases of the project. 
The s^taff of the-Learning Assessment Branch provided guidance, encour- 
agement, experience, and enthusiasm. All of the members of the Manage- 
ment Connnittde gave generously of. their time and expertise throughout 
the almost fifteen month duration of the project. As one of the Manage- 
ment Committee members said, "The pay was short, but the hours wer-e IcJng.'* 

/ X • 

Special, thanks and recognition are due to my friends and colleagues, 

James Sherrill, Heather Kell^her, and John Klassen. As members of the 
Contract Team which was responsibl^e for the Mathematics Assessment, they 
made an invaluable contribution. Their willingness to\work hard, and 
their unquestioned ' expertise in the field of Mathenvatics Education made' 
the task considerably easier than it might. otherwise have been. 

David FT' Robitaille 
' Faculty of Education ^ 

University, of, British Columbia 
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HIGHLIGHTS OF THE -MATHEMATICS ASSESSMENT 



'In. the spring of 1977, over one hundred thousand students from Grades 
4, 8, and 12 wrote tj^e tests prepared for the 1977 British Columbia Mathe- 
matics' Assessment . In addition, almoat three thous^d teachers of mathe- 
matics at seven different grade levels ^1**3-, 4,, 7, 8, 10, l!^) completed 
comprehensive questionnaires dealing with .numerous aspects of the teaching 
and .learning 'of mathematics • 

The' Assessment .Program in general and ttte Mathematics Assessment in 
H particular are designyd ^o inform the public/ of some of the strengths and 
, ' weaknesses of the pubaic school system in this province. The iYiformation 
generated by the. Mathematics Assessment will assist school districts' in 
maintaining identified strengths and overcoming weaknesses. It is hoped 
that curricfultflfr^defelopers and curriculum revision committees will be able 
i^c make ^se of these results in the process of improving curricula and de- 
veloping suitable resource materials. Such information could be used^ in 
the allocation of resources and in the planning of teacher education prq- 
grams at both the provincial and district levels. Furthermore, the data 
bank produced by the assessment should be of great value to educational 
researchers as a source of» researchable questions concerning the teaohiog^-,.^^^ 
^ ^ * and learning of mathematics. « ^ ♦ • " , . * 

The ^tudent tests were designed to measure students' mastery of a 
limited nunfbej of important mathematical skills and concepts a't each of 
three levels: end of primary educatfon* (Gradje 3), end^ of elementary edu- - , 
cation (Grade 7), and end 6f -public schooling (Grade 12). 'Since mathematics ^ 
is not a compulsory course beyond Gracfe 10, the pontent of the Grade 12 test 
was restricted to the^ Grade 10 level or below. - — ) 

The tests were , administered to ^tudety^A^^Smsplled in Grades 4, 8, and 12 
regardless of the nature of the mathenJsa^^lcs course they were^takihg, if any. 
The tests were not tests of any particular dourse but rather of students' 
mastery of a number of essential mathematical^skills and concepts. For that 
reason, the results presented here should not be used to describe the success 
or failure of a particular course, nor should they be interpreted aVbe^ng / 
indicative of students 'degree of. preparedness for further studies in matiie- 
patics at the p6st-secondary level. 

The te^t results were gudged by 'Interpret^ation Pai^els consisting of ) 
educators, school. trustees , and, other members of the general public which 
were constituted by the .Ministji^ ofiEducation for that purpose. j' 

At the Grade 12 level, the student population was divided into three suT)- 
populations for a nujnb^r of the analyses because^of differences in math^emat ical 
background amott^ the^tudents. One group consisted of those students who were 
taking or had' taken their twelfth year of mathematics (Mathematiif s 12); 'the ^ 
second group corfsisted of tho^e who. were taking &rh^ taken their eleventh 
year of mathematics (Mathematics 11); and* the thiri-'^egment of the Grade 12 
population consisted of those students who were taking ^r had taken their 
'tenth year of mathematics (Maqhematics 



Among the major findings of- the Mathematics Assessment are the following: 

, * Grade 12 students who have taken twelve years of mathematics ~did extremely 
well on all portions of the test*^ As a group, their scores averaged between' 
seventeen and twenty-f ivfevpercent bertter ""than Grade 12 students with eleven 
years of mathematics and between thirty-fdur and thirty-eight percent better 
^than^ those with ten years of mathematic'S . 

** Grade 12 students^who have taken only the minimal requirement of ten years^ 

of mathematics (about 15% of the Grade l^population) generally performed ^ 
poorly*^on all portions of the test, including those questions relating to 

^ consumer applications of mathematics • This infojnnation is noteworthy be- 
cause over one-third of this group 'indicated that they plan, to ^ter the, 
'labor market -upon completion of Grade 12. 

Computational Skills and Knowledge • / . v 

. ^ ■ - ' \ • 

At all three grade levels, most students exhibited a generally satisfactory 
level of' ability to add, subtract, multiply , ' arid divide*, Grade/Year ^ " \ 
Students performance on Subtraction of whole numbers wa^less than com- ^ 
9let€j.y satisfactory, particularly on items requiring regrouping (borrowing) . 

* Students at all three levels performed satisfactorily on most items pleasur- 
ing knowledge of mathematical, symbols and terminology. * " 

*^Grade 8 and 12 students' performance pn items requiring them to express a 

number given as a decimal, fraction or percent^ in one of the otl^r forms 
> was less than satisfactory. - 

Co mprehension oY Mathjsmatical Concepts ^ 

r *o . 

* 'Grade/Year 4 students p6rforme(^ poorly on two items assessing comprehension 

of fraction concept^, and it was concluded that such conc;epts may be too 
abstract for many students at this level. ^ ^ 

* Some areas of weakness wer^ noted at the Grade 4 and^ 12 levels in students' 
familiarity, wit'h Jthe metric syst^ of measurement. ^ 

* Comprehension of geometric concepts was generally rather weak at Grfades 8 ^ 
and .12. ' — * ^ ^ ' - ' 

Applications ^ ^ . 

* Students in^Grade 4 and 8 did rather Wj§i^r^:nri>rab|i em-solving and this is a 
conyiendable result given the difficulty of the to/pic. The Grade 12 problem- 
solving results were disappointing on the whole, and seem to indicate that ^ 
many s4:udents are unable to apply the computational Skills .they have learned' 

" to the solution of problems. Problems -dealing with geometry and measurement 
seeme^ t^ cause the most difficulty.^ * ^ 
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* *A number qf.the application items oh tfie. Grade 12 testf concerned consumer 

^ mathemajticS. Results were rated as satisfactory or better on items ^ ^ 
dealing with buying a car on credit, fiilding an average, using the concept 
O'f discount, interpreting a 'graph, and interpreting road maps. Results on 
items dealing with applications of the formula for simply interest, selec- 
ting the best, purchase, and reading an income tax table were rated margin- 
ally satis'factory . 

A number of factors are either known or are suspected o^ being related to 
students' performance j.n mathematics.' The folloMng findings are based upon 
trends which are* apparent from the data, but should not be interpret ed^^a^ 
necessarily implying the existence of cause-and-ef f ect relationships between 
variables. Follow-up studies designed to explore reasons why the following 
trends have emerged would be in order. ' ' ^ ^ 

4 

* The Assessment -data show that among children born in 1967 who took the 
Grade/Year 4 test, those born between January and March outperformed other 
students. A stud^nt's age, therefore, may be one of the factors contributing 
to the range of individual differences confronting teachers of mathematics, 
particularly at the primary, level. - * 

* female students outperformed males on most of the computation objectives' 
on all three tests, while males outperformed females on all of the problem- 
solving o1>jectives. Most such differences, whether in favour of maizes' or 
femalesv were small. • • ' ' 



* Almost sixty-five percent of the students whp took only the i^^nipfial re- 

. quirement of ten years of mathematics are female. On the other hand, about 
\^ sixty percent of those studehts taking twelve years pf mathematics ate male. 

* Students who were not born in Canada and for whom Engl:|^h is not a fUrst 
language, did Setter than Canadian-born students for whom English is th'e 

^ first lanl^age on all three sections of the Grade 8 and- 12teets^ This was 
not the case. among Grade/Year 4 students, where the Canadian-born, English- 
speaking group ODtained the better result pn two of the three sections. - 

.* Generally sp.e'aking. Grade 12 students' perf oriijance On the Vest was posi- 
tively correlated with^their parents ' level of jBchooling. That is, in 
^ - general, an increase in student acJtlievement was associated with an increase 
in the highest level of schooling*atta4.ned by the parents. • • ' 

* Of six group^ established on the basis of student^' future plans, the one 
consisting of students planning to seek employment upon completion of Grade 

' 12 had the weakest results, ^udents planning to attend university had t,he 

highest results. 

# * 

* Grade 8^ and 12 students who use liand-held calculators in school, at home, ^ 
' or for homework outperformed those who did not. This result was reversed 

at Grade/Year 4 for students who use^ hand-held calculators at si^hool or 
for homework*. . ^ 

9 ^ 



* Students' in 'Grade, 8 and 12^who speWd some time on mathematics homework, but 
less than thirty minutea per day, obtained higher results than tKose who ? 
spend more rime or no time on 'such assignments ♦ ' * , ' ' * 

* At the Grade 4 and 8 levels results indicate ,that an int^ease in the number* 
of >«iiools at tended by a student is associated with a decrease in perfqr- 
mance. No consistent trend was evident at the Grade 12 level. 

* There was a slight, but consistent increase in perfonAance on the Grade/Year " 
^ test associated with an increase in^^amount of 'television watched per day, 
^up to four hours pex d^y. At the Grade 8 and 12 levels, a general decrease 

in performance was associated with an increase in amount of television 
watched. _ • ' • . , • 

Among the major findings from the Teacher' Questionnaire data are the 
following: , . - ' ' 

* The average elementary teacher has had four years of professional training ' 
. and over ei^gK yeats of teaching experience. Among secondary teachers of 

nathemat ics, the corresponding figures are five and nine y^ars respectively. 

/About twenty-five percent of teachers of elementary mathematics have taken 
no post-secondjary courses in irtathematics, and about fourteen percent haye 
had no training'^in the teaching of mathematics. 

* Grade 8 mathematics classes are larger on the average than at any of the . 
other six -levels surveyed and over twenty-five percent of the teachers of 
mathematics at this level have never toaken a course in methods of ^teaching 

^mathematics. Almost fifty percent of teachers of 'Grade 8 mathematics did 
gfot have mathematics' as a major area of study in university. 

* Thie rate of membe,rship in the^E.G. Association of Mathematics Teachers is 
^tremely low; about three percent of elementary teachers and twenty-eight 
percent 'of '^teachers of secondary mathematics belong to this group. ' 

* Teachers of elementary mathematics consider mathematics to be one o*^f their 
favourite and easiest courses to teach but their opinion is les^ favourable 
wi th^regii^rd to learijing it. * ^ C ^ 

* Insofar as methods used in 'the teachirife of mathematics are concer^ned, no 
i^cent innovations appear to have gained widespread ^^cceptance 'among teachers. 

^ Teachers are gen^,^ily satisfied with the textbooks' which they are using, 
and they were virtually urianimous in expressing a desire to have minimal ( 
• learning objectives fqi^ each grade l^^^vel specified. ' ' ^ , 

* Teachers of mathematics at all levels were of th^ ojp'inion that redue*tion of 
class- size was a high priority need. * - y 

. . , ' • . ^. — - 

* All groups of teachers Agreed, that elementary studjents should not be permitted 
, to use hand-held calculators in school and that senipr secondary students 

' should be. • ♦ • ' f 

' ■ ; -'10 . • • 
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'Learning Assistance Centres which provide assistance' for students exper- 
;Lencing difficulties in -tnath'ematics are no,t available in the majority of 
eiemer\tayy^^^^ools-. ^ j 

Eleiftentary teacherd indicated by a three-to-one margin that a mathematics 
course should, be required iti Grade 12. Less than fifty percent of the' 
secondary teachers sharped this opinion. 



11 



1. INTRODUCTION, TO THE MA]^EMATICS ASSESSMENT 

' ^ ' : ' . • '• ■■ 

In the spring of 1977, studtents eni:olled in Grades 4, 8 ^and 12 in 
the* pubiic schools of the- province of British Columbia took part in an 
assessment bf student learnings in Mathe»atiqis conducted by the Learning 
Ass.essment Branch ot t,he Ministry of Educatiot\. Dur«lng the same period, 
approximately 3 500 teachers' of mathematics at seven different gr^de 
levels completed a comprehensive questionnaire dealing with^nuflierous 
aspects of the methods and materials used in the teaching .of mathematict 
in the* province. # 

The Learning Assessment Program is longitudinal , in natQre, and th<j 
various components of the curriculum are scheduled to be asses^ed^at 
regular .intervals. The 1977 Assessment af Mathematics in th,e province/ 
was. intended to c^lecCbaselitie liata against which the performance' of/ 
students in future assessments could-be compared. In this way, ^it wiM 
. be possible to ^dmpare 'students'' performance on subsequent assessment^ 
with the results of this one, therebf^t obtaining a measure of tbe change 
and the direction of ^change' that has 'taken place in the interim. / 

Purposes of the Assessment . ^ . s t , 

The major principle underlying the enti^;^ Learning Assessment Program 
is. that decisions about education should be'based upon kkowl^dge .off what 
and how students are 'learning.' Educational* decisions ^re being maae ^very 
day, decisions which affect 'aAj^^c^tion of res'ources, in-seryic^ education 
of teachers,' teachet training prograrfSs, curriculum development, and the. 
adequacy of various ^rogralhs. The Mathematics ^Assessment provide^ decision 
makers at all levels with factual and* current information cpr^cerriing the . , 
teaching and lear^in^ of mathematics upoa^which to base th'eir decisions. 

The Assessment Program in general arid th^^^hematic^ Assessment in 
particular are designed to "inform the public ^^^^ of tbe strengths and 
weaknesses of the public school syst^ in this province. The information 
generated by the Majthematics^ Assessment wiir'assist ^school 'districts in*' 
maintaining identified strengths and overcoming weaknesses. It is hoped 
t^t cui>riculum developers and curriculum revision committees will be able 
tQ^ ipake use of the^e results in*the process pf improving curricula and ^ 
developing suitable resource materials. Furthermore, such information 
'couid be used in the allocation of jresources at both tfie provincial and^ 
district levels. ' » V ' / 

. At the^ university level, the information generated py tjie Assessment 
will be useful in indicating directions for change and improvement in 
teacher education. ^Finally, the information produced" by the Assessment { 
shopld be of great value ta educational researchers both as a data bank 
and a$ a source of researchable questions concerning fhe teaching artd 
learning ofi mathematics.^ . , 



Organization of the Assessment 

Several groups participated in the organization and implementation of 
the Mathematics Assessment . These groups included the Learning Assessment 
Branch of the Ministry of Education, the Contract Team, the Management 
Committee, the B.C. Research Council and* several others with whom Consul- 
tations were held. . . 

The Contract Team was re^tained by the Learning Assessment, Branch to 
conduct the Math^ematics Assessment. The Contract Team's responsibilities 
included coixducting the Goals' Assessment and developing tjie set of objec- 
tives tp^^e assessed, constructing the student tests, trying out the' tests, 
and subsequently revising them, constructing the Teacher Questionnaire, and 
writing the final reports of the Assessment. The Contract Team consisted 
of two members of the Faculty of Education, Uni\rersity of British Columbia, 
a primary teacher who was on leave of absence from the New Westminster 
School District, and a teacher of secopddry mathematics from the North Vaji- 
. couver School District. ' / y 

•' : ( 

The role of the Management Committee was to oversee *the operations of 
the Cbn tract Team, and to provide guidance and suggestions regarding the 
various phases of the assessment. Membefts of the Management Committee in- 
cluded two teachers, "^ supervisor of instruction, a teacher educator^ a 
school trustee, the chairman of the Contract Team, and representaftiyes of 
the Learning Assessment Branch. . 

Working under the direction of the Contract Team, the B.C. Research 
Council was responsible for the majority of the technlca^J and administrative 
j^spects of the Assessment. These responsibilities included overseeing the^ 
printing and distribution of the tests^ answer cards, and teacher question- 
naires, conducting the data pi^o^ssiag, and s.ervltlg as statistical consul- 
. tants and advisors to the Contract yi^am and the. Management Committee. 




The Mathematics Assessment consisted of four major components: the 
Goalp^ A^sessih^t, the Student Tests, the Interpretive Analysis, and ^the 
survey of Instructional Practices. Each of these is treated in some de- 
tail leter in this report as well as in the other reports in the series. 
A few descriptive comments about each are included here. 
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Consultative meeln;ngs^w^;(;^^Tre4d. with , several groups. Representatives 
df the Contract Team met x^th the Mathematics Curricului^, Revision Committee 
to discuss aspects of the 'Assessment . In^additioji, Review Panels wer^ or- 
ganized by the Learning Assessment Branch to^ discuss the object4^vel to be 
tested in the l^thematics Assessment. Such pane*!^ were intended^ to be as 
widely representative as possible of the ^varlotis groups interested in 'the 
mathematics. achllSVfinent of students. Finally, meetings wfre held and cor- 
respondence exchaliged with representatives, of other assessment programs fn 
North America, in order that the B.C.' Mathematics Asfeessnfenr could benefit 
from their experiences. 

Components of the Mathematics ^Assessment * ^ ^ 



( 
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1. The Goals Assessment 



It was not the objective of the Mathematics Assessment to attempt 
to evaluate students' mastery of any particular mathematics course. . 
Neither was it^the objective of the Assessment to ob'tain information 
on the achievementr of individual students or scjiools , nor on the per- 
formance cif individual teachers of mathematics. It was the objective- 
of the Assessi^ent fo obtain, and to make widely known, information 
regarding theJpresent state of mathematics learning on a province-wide 
basis. In addition, each school district was to be provided with a 



^ummary of its own results. 



The initial and basic decision regarding the Go^als Assessment 
was to limit the scope of the content areas of mathematics to be ass- 
essed to ^Kfese which most informed observers would agree were among 
the essential concepts and skills of mathematics at the three levels 
tested: end of primary education (Grade/Year 4), end of elementary 
education (Grade 8), and end of public Schooling (Grade 12). The 
Grade 12 test was not a test of any particular course such as Math 10, 
Math II or Math 12 but rather a test ef students' mastery, of a number 
gf mathematical skills ^nd concepts which,' for the most P^rp,^ all stu- 
dents could be expected to have acquired upon completion or their pub- 
lic schooling. The content of each item on the Grade 12 test was 
selected from the Grade 10 l^vel or "below. Three levels o^ cognitive 
behaviour, called domains in the Assessment, each sub-divided into a 
number of objectives, made up the basic framework of the Go^ls Assess^ 
ment. 



2. The Student Tests 

Tests were constructed to measure students' mastery of the objec- 
tives identified in the Goal^Assessjnent phase. K separate test was 
^prepared for each of the threfe levels involved. For each test, a total 
administration time of ninety minutes was allotted: thirty minutes for 
instructions, distribution and collection of the test booklets and 
answer cards, and sixty minutes for,^ completion of ^e test. 

Pilot testing of the assessment instruments w^s conducted during 
the late fall of 1976 In several school districts across the province. 
Approximately 250 students at each of the three grade levels involved 
wrote the pilot tests; and their results were used in developing the 
final forms of the tests* * • ' , 



With the exception of a portion of the Grade/Year 4 test, all / 
of the test items were cast in multi^^e-choice format with four choices 
(or foils) for each item. ^ In every case,^ the choices consisted of 
four, possible answers tf^ the item. A fifth choice, the "I don^t 
know" option was used in an, attempt to minimize guessing and in order, 
to provide an outlet for Students who, for one reason or another, had 
not been exposed to the material being tested or had forgotten it. 
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In an effort to assess the development of students' abilities to 
deal with certain concepts and. skills, some items appeared on two or 

-more of the tests. For example, the same five items dealing with 
knowledge and understanding of the units of the metric system of meas- 
urement were used on all three tests. In several of the skiM areas, 
the same item or items appeared on the Grade 4 and 8 tests, or on the 
Grade 8^ and 12 tests. Overall, there were nine items common to the 

^ Grade 4 and 8 tests and forty- three items common to the Grade 8 and 12 
test3. Of this number, five items w^ere common to all three tests. 

^-iChe International System of Units (SI) was utilized for all test a 
items involving measurement; no items contained British or Imperial 
units of measurement. The decision to use the metric system of mea- 
surement exclusively did restrict, to some degree, the number and the 
nature of problem-solving items involving measurement concepts. For 
example, it was felt that including items dealing with the purchase 
of consumer goods such as carpetin'g,' or building materials, or the 
like, in terms of metric units of area or volume would make such items 
a'p^>^r overly unrealistic and unfamiliar since these terms and units 
are not yet^in widespread use by consumers i,n Canadian •society . On 
the other liarrd, since the curriculum guide does call for implementation 
of the metric system of measurement in the schools, any reference to 
the British system wa^ avoided. y» ' * ' 

Interpretive Analys is ^ 

Since this was the first major Mathematics Assessment to be conducted 
by the Learning Assessment Branch, there was no baseline information 
available for making judgments about the results. To assist In inter- 
preting' the results. Interpretation Panels were used to assess the 
student tfest data. 

Three fifteen-member Interpretation Panels, one for each of the 
three^grade" levels involved, were constituted by the. Learning Assess- 
ment Branch. Each Panel consisted of seveSn teachers of mathematics 
at the particular grade level, two supervisors of Instruction, two 
teacher educators, two school trus tees, ~^ and two members of the public 
at large. 

Panelists were asked to take the test for their respective^ grades 
(A, ^ or 12) and to consider for themselves, \>7ithout seeing the results, 
what the student performance on each test item should have been. All 
three Panels then convetied in Vancouver in early June 1977 in order to 
interpret the test results. In an effort to obtain agreement among the 
panel members and yet give each panelist every opportunity to influence 
the final outcome, a four-stage procedure v/as followed. Each panelist 
first interpreted the results individually, then they worked in pairs, 
in groups of five, and, finally, as a Panel of fifteen. 
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Student performance oh eacTi test, iteirf was assigned a rating by 
the Panels, The five rating categories used were: 

a) Strength ' ' ♦ , . . 

b) / Very satisfactory 

c) Satisfact(A:y ' . • 
,d) Marginally satisfactory . ^ 

e) Weakness 

Information gained from the deliberations of the Interpretation 
Panels was used by the authors of the assessment reports in commenting 
upon the results of the^ assessment, i^lth«)ug^ the procedure used does 
lade-* some of the^air of precision attributed to strictly numerical 
comparisons, the wealth of experience which the members of the panels 
♦brought to bear upon their examination and interpretation ofHEhe re- 
sults gives their ratings considerable cr^ibility. 

Instructional Practices 



Two questionnaires, one for teachers of elementary school mathe- 
matics and the other for teachers of secondary school mathematics, 
were developed for use in- the Mathematics AssessmMt, The question- 
pa?.res, which were completed anonymously, dealt with various aspects 
of the teachers' backgrounds and training as well as with facets of 
the methodology of teaching mathematics at different levels and with ' 
Instructional materials used by teachers of mathematics. 
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Student Characteristics as Reporting Categories 

A number of factors are either known to be or are suspected of being 
related'to students' performance in mathematics. While it would not be 
possible to Identify a causal relationship between a given, student char- 
acteristic and performance on the assessment, test as' a part of the Mathe- 
matics Assessment, it is possible to identify variables which appear to ^ 
be related on the basis of the dat^ collected. Relationships so identi- 
fied may lead to follow-up studies specifically designed to identify cause 
and effect relationships on the basis of the . correlational results dis- 
covered an the assessment program. 

As a part oL each of the three Mathematics Assessment tests, students 
were asked to report on several aspects of their personal backgrounds, A 
list of the variables on which data were collected i-n the Mathematics 
Assessment is given below. The grade levels 'at which each item was included 
are listed parenthetically, 

a) Mathematics background ( 12) 

b) Date of' birth (4, 8, 12) , ' 

c) Sex (4, 8, 12) ^ ^ 

d) Number of schools attended (4, 8, '12) 

e) Residence in Canada and language spokfen (4, 8, 12) " 

f) Number of hours of television^ watched (4) i 

g) Use of hand-held calculators (4, 8, 12) ' 

h) Time spent on homework (8, 12) l'^ 
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i) Semestered versus non-semes tered courses (8, 12) ^ 
j) Parents' educational backgrounds (12) 
k><-Fil,t;ure plans (12) 

i)^03A--of-school wo£l^ . , ^ ^ 

Assessment tests in Reading were also given at the Grade 8 and 12 , ' 
levels, and these^ test?s contained similar, and in some cases identical, ; 
backgrodnd information questions. For example, on both the Reading and 
the >Iathematics'' tests, students were asked their date of birth, sex, and 
number of schools attended. Because of the coTiinbn items, it was possible 
to merge the two sets of "data and obtain a neV data file containing the ^ 
information and results obtained on both of thetesfs. "Matches were ob- 
tained for 66% of the Grade^S students apd 63% of.th>Orade 12 students. 
This new file was used to obtainvf urthdr inf ormation^on student background, 
as well ,ap to correlate some aspects of student performance, in reading 
with the same students' achievement on some of the mathematics objel^tives. 
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2 . THE GOALS' ASSESSMENT 



Mathematics has a large number of subject-matter component s';. In 
broad terms, there are .areas such as algebra, arithmetic, geometry, and 
trigonometry which are the major concerns of school mathematics. Each 
of these broad areas cap be broken down into a multitude of sub-divisions, 
sub-divisions of sub-divisions, ^.nd sd^on. Not al>. areas or sub-divisions 
are equally important in school mathematics^ and the relative importance ^ 
attached to various topics in the mathematics curriculum varies according, 
to sociological, ^psychological, and educational influences of the day. 

Accordingly, it was ^imperatii^e that the goals or objectives to be"^^ 
assessed by the Math^atics Assessment be identified at the outset, and^ 
two basic decisions were made in this regard. First, it waV decided th^t 
the > assessment would test students at three fevels: end of primary educa- 
tion. (Grade/Yea"r 4), end of elementary education (Grade 8), and end of 
public schooling (Grade 12). Second, it was decided that the topics to 
be tested would be restric-ted to what most informed cJbseryers would agree 
were ^mong the essential #kills and concepts of mathematics which all 
students at these three levels should have mastered. 

The process of development of the specific content objectives and 
of \|:he cognitive behaviour levels for the Mathematics .Assessment was 
greatly facilitated b4 the experiences of others in similar programs. 
The publications of tme National Assessment of Educational Progress in 
the United States and of various^state assessment programs were of" notable 
assistance in this regard. 

The Ilfem' Specif icat;ion Model 

Xhe e'^nd result of the developmental process mentioned above was the 
Item Specification Model for the Mathematics Assessment which is shown 
in Figure 2-1. The model portrays, in sjummary fashion, the three major 
dimensions of the Mathematics Assessment. 

Th^ Item Specification Model -fcor the Mathe'matics Assessment is a 
3, X 4 X 3 "cube": thre^ 'grades (4, 8\and 12), fpur major mathematics 
content areas (iJumber and Operatioi^i, Measurement, Geometry, and Algebraic 
Conc^epts), and three domains (Computation and Knowledge, Comprehension, 
and Applications). The essential idea of the model is that the objec- 
tives and test items for' the Mathematics Assessment can be classified in 
three ways: by grade, by content area, and by domain. 

The tirs,t dimension on the model is grade levdl. As described^ ear- 
lier, the 'three points on the K-12 continuum selected for tfestin^t^ere 
end of primary education, end of elementary education, and end of public 
schooling. The end-of-primary test*was administered at the Grade/Year 4 
level, and tested content selected from the Grade 3 level or below. The 
end-of-elementary test covered content! from the Grade 7 level or below, 

■ ''l. 18 
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applications'^ 
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Figure 2-1: Item Specification 
ModeJ for the Mathematic's Assessment 



^nd was xadmlnistered to students enrolled in Grade 8. In orddr to assess 
students ^ performance in mathetnatics at the end of their public schooling, 
the assessment test was administered to all students in Grade,A2. ^However, 
since mathematics \s not required after Grade iK the mathematics content 
on the assessment instrument administered in Grade\12 was restricted to - 
the Grade 10 level at most. ' > \ 

4 . . ^ 

- The seconjl dimension of the Item Specification Model is content. Of 
all the major ma-thematics content areas that could have been usetf, the 
following four were selected: Number and Operation, Measurement, Geometry, 
and Algebraic (Concepts. Topics classifi?ed as belonging to the Number and 
Operation category dealt with the nature and properties of whole numbers, 
integers, rational numbers,- and real numbers as well as with techniques 
and properties of arithmetic operations. The Measuremerit category included 
topics such:as selecting, the most appropriate unit of measuremeirt, famili- 
arity with metric units measurement, area,- volume, perimet^, angular" 
'"^measurement, and scale ditawing. Topics, in the Geometry category dealt with 
'the identification, of -geometric figure/, classification of angles and tri- 
angles, parts^of a circle, , and the Theorem of Pythagoras. Topics in the 
Algebraic Concepts category were concerned with'graphs , i;riting algebraic 
expressionsi simplifying and evaluating polynomials, linear and quadratic 
equations, slope of a line, and simultaneous equations. *" * 
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The third 'l^ihension o/ ,the ihodel consists of three levels of cognitive 
behaviour, whipU are referred to as domains. The Computation and Knowledge 
domain encompasses areas 3uch aj; knowledge of s*frecific facts, knowledge of 
terminology,^ and .ability tq use algorithms, 'the Comprehension domain in- 
cludes Jcnowledge of concepts, knowledge of principles, rules, generaliza- 
tions,^ ability to transfpm 'problem 'elements from one mode to another, atid 
ability" to're^d^and interpret a 'problem. Ability, to solve routine problems, 
ability to analyze data,* and ability to recognize patterns belong to the 
^'Applications dQmain*; ' 

» • 0 • 

fhe domain dimensioA of the model is hierarchical • The Applications 
domain is cognitively more complex than Compi;ehension which, is in turn ^ 
jnor^ complex than Computation and Knowledge*. 

The model^ ^as simple as it is, illustrates the complexity o^ outcomes 
of mathematics learning. . Many impor1;ant areas of mathematics are riot 
included", and no mention is made of '^t^tudes toward mathematics. 
this assessment, concern was limited strictly to cognitive outcomes. '^Ijt 
is also t^ue that alt-hough the model contains thirty-six c^lls,.some of 
them are empty. For example, no attempt was made, at the Gi;ade/Year 4 
level,- to test the area of Geometry, and the Algebraic Concepts domain 
included only two graphing items. ^ : 

Developments of Objectives and Test Items 

^ - ' . . ' ' 

^ Specific objectives corresponding to' each domain and sample test items 
were developed for the Mathematics Assessment. The single resource which ♦ 
provided the most guidance and direction in this task was the recently 
revised Curriculum Guide for .^athem^ics issued the ^llnistry of Education. 

Four Review Panels were orgflnized in different parts of the province 
to give people who x^ere not involved in the creation of the * objectives an 
opportunity to examine the proposed objectives .and suggest alterations 
before the student tests were developed. These panels, consis'^ting <5f 
teachers, school trustees and lay persons, met with representatives of . - 
the assessment program to discuss the objectives and to seek to improve them. 

To obtain more feedb'ack on the proposed set of objectives and sample 
items, representatives ^of the Contract Team met with the Mathematics Curri- 
culum Revision Committee. In addition, the objectives were published in ^ 
Veotory the jdurnal of the B.C. Association of Mathematics Teachers, and 
sessions dealing with aspects of the Mathematics Assessment were held at 
v-several conferences. . ^ y 

The f inal version of the Sjffjectives organized by domain wi,thiik each 
grade level are presented in Tables 2-1 through 2-3. The right harji column 
in each of the three tables lists^ the ^number of items on the assessment 
instrument^used to measure mastery of the accompanying objective. 
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Table 2-1 - ; . . . 
Grade/Year 4 Mathematics Assessment Objectives 


— ^ — 5 

Objectives 

* 


Number of Items 


'Domain 1: ^Computation and Knowi^dg^ 




1.1 Mastery of Number F^rfs 

1.2 Addition of VJhole Numbers 

1.3 Subtraction of Whole Numbers 

1.4 Knowledge of Notation art^" Terminology 

bomain 2: Comprehension 


.'OA ?i . 

5 • . 

5 

; ,6 ' ' 


2. 1 Place Value. Cdncepts 
2:2 Number Properties 
'2.3 Measurement Concepts ^ . 
2^4 Fraction Concepts t ^ 


6 
4 

5 ^ 

2 


Domain 3: Applications 


\ 

( , 


3.1 Solution of Practical Problems 

3.2 Solution of Computational Problems ^ 

— . . , 1 , 


6 
6' 
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The GradeAYear 4 Mathematics Assessment instrumen-t contained, sixty- 
•nine items measuring mastery of ten objectives. .'The data in Table ^-1 
show that the major emphasis on the Grade/Year 4 test wis on the Compu- 
tation and Knowledge domain. Of the forty items in £His domairi, twenty-- 
four were used tD assess the Mastery of Number Facts objective. These 
items took i^he form' of six number facts for each of acfdition, subtraction,' 
multiplication, and. division. In addition tp the number fact item's, there 
were ten addition and subtraction exercises which required use of the 
algorithms. ^ . . ' * * 

lP 

the Comprehension domain, the e^nphasis was placed upon understanding ' 
of p"Iac^k value concepts and number properties.- There were flv<? itemff 
dealing wlsth measurement and two with fraction concepts. The Applications 
douiali^-wasJ^venly divided between computational problems and problems termed 
practical, e.g., working with time, money, and graphs. ^ 

^^^^ Several cells in the Item. Specification Model were ^not tested at the 
Grade/Year 4 level, and such exclusions were made for two. major reasons. 
In some xases/the content was riot part of the K-3 curriculum, and In others 
it was felt that the* material could ^ot be adequately tes^ted^by means of 

paper and .pencil test. An example 6f the former would be the algorithms 
for multiplication arfd division of wholfi numbers which are not developed 
'to any^great degree in the primary grades. An example of the latter would 
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be the -a^ea of geometry which, ' in the primary grades ^otfld Ive the 
manipulation\>f three dimensional objects and is^ as a result, not amen- 
able to paper and ^^ncil testing. ^ . . ^ 

^ Table 2-2 lists the dbmains, objectives^ and number of items per 
^objective for the -Grade 8 Mathematics AssesJAient instrument. The test 
contained stixty items measurin'fe acquisitioh of twelve* objectives. 



Table 2-2 i , ^ . 

Grade 8 Mathematics Assessment Objectives 



Objectives 



Number -of Steins 



Domain 1: Computation and Knowledge 



1.1 
i.2 
1.3 
1.4 
1.5 
1.'6 



Computation, with Whole Numbers 
Computation' with Fractions 
Computation with Decimals 

Facts _ V. 
Ltional Numbec^ 



Knowledge of Notation ^d Termii^c 



Knowledge of Geomet 
Equivalent Fo-rms of 



Domaiit 5: Comprehension 



2.1 Number Concepts 

"2'. 2 Measurement Concepts 

2.3 Geometric Concepts 

2.4 Algebraic Concepts 




5^ 

'5 
9 

^ 4 



1 

6 

-5 . 
3 ^ 



•Domain 3: Applications 

3.1 ' Solution t>t Problems involving Operations 
' with Whole Numbers, Fractions, .Decimals, 

and Percent ' ^ 
>.2 Solution bf Problems, involving Geometry. . 

and ^asurement 



The emphasis iir the Computation" and Knowledge domain fo^Grade 8 
was on computation with different sets of numbe^3. Assef«^a*«t o| Tcnowle4ge ' 
of geometric facts wds also included in this level. of th^ assessment^ "Geo- 
metry, in fact, was a factor in each domain for the Grade, 8 assessment. 
All four content areas were assessed 'in the Comprehension domain, but with 
varying numbers of items. The emphasis in the Applications domain .was on 
solving problems using different sets of numbers and numbers, in different 
forms. * ' - 
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A comparison of Tables 2-1 and 2-2 shows that the major differences 
Itetween the Grade 4 and 8 levels were the inclcision of geometric concepts 
and the shift in emphasis in the Computation and Knowledge domain on the 
Grade 8 test, By Grade 8, computation includes all fouA^basic operations 
with whole numbers, fractions and .decimals. 
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Table 2-3 lists the domains, objectives,' and ttu^number -of items per 
objective for the Grade 12 Mathematics ^'ssessmenifT The'^'t^t contained 
seventy-two items measuring acquisition of eleven objective^. 



Table 2-3 

'Grade 12 Mathematics Asse'ssment Objectives 



Objectives 



Number of Items 



4)omain 1; Computation and Knowledge 

1.1 Computation with Fractions 

1.2 Computation witli. Decimals 

1.3 Knowledge of Notation and Terminology 

1.4 " Knowledge of other Algorithms 



4 

5 

14 
7 



Domain 2: Comprehension 

2.1 Number Concepts 

2»2 Measurement Ooncepts 

2.3 Geometry Concepts 

2.4 Algebraic Concepts 



^6 
5 
4 
9 



Domain 3: Applications 

3.1 Solution of Problems involving Operations 
with Whole NumberSj^, Fractions, Decijjpals, 
and Percent/ ' ^ 

3.2 Solution of Problems involving Geome^f^y 
and Measurement 

3.3 Solutdon of Algebraic Problems 



the Computation and--5Cnowledge domain, the Knowledge of Notation . 
and Terminology 6bjec'tive involved several more. items than were required 
for the assessment at Grade 8. Computation with fractions and decimals 
was included, and Knowledge o^ Other "^Algoritlims was added. The Compre-^ 
hension. domain for Grade l>^s very similar to that^ f or Grade 8 except 
for Comprehension of Algebraic Concepts which assumed a more important 
position in Grade 12 than it 'hid had in Grade 8. The App^licatipns domain 
was most comprehensive for Grade 12, involving eighteen items. 
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The Grade 8 and 12,/objectives have many similarities.' In fact, 

forty-three bf the items on the Grade 8 test were repeated on the Grade . 
- 12 te^t. 

- , • ' - ■ • • 

0 The distribution of tfesf items, organized by grade and by content 
area is presented in Table 2-4 below. Since ^the' tests had differen^t 
numbers of i^ems, the data presented in the table, are percentages. The 
fact'that some oT .the rows in the table do not have a total of 100% is 
due to the effect of rounding each percent to the nearest whole number. 

( Table 2-4* 

Percent of Items in Each Content Area by Grade 



Grade 



Number ajid 
Operation 



Measurment 



Geometry 





Algebraic 
Concepts 



4 
8 
12 



78 
63 
50 



17 
^ 17 
15 



0 

12 
15 



3 
8 
19 



The data in Table 2-4 show*a decreasing emphasis on the Number and 
Operations content area as grade level increases, and ah increasing 
emphasis on the Algebraic Concepts content area. The Measurement content 
area has a very, consistent emphasis, as does Geometry in Grades 8 and 12. 

All three tests were designed to assess students' grasp of a number 
of important mathematical skills , and concepts, and the Review Panels ^nd 
pilot testing served ^s indicators of the validity of the test items. 
In addition, the items were examined statistically t9 determine their 
reliability^^d a* discussion of the test reliabilities is contained in 
the T^echnical Report. . ^ 

• The approach to test construction described here should not be con- 
fused with that used in the construction of typical (norm*-ref erenced) - 
achievement tests which are designed to rank individual students. For 
tests of that type, items are usually, designed so that aJ>proximately 
fifty percent of the population will be able to cbrrectly answer each item. 
On a grojLip test such as one used in the B. C. Assessment, it is possible, 
and in some cases desirable, that virtually the entire population be able 
to respond correctly to a gi\/eri item. Whether or not ,an item was included 
in the final version of a test depended upon its being considered a valid 
item to ass6ss a given objective at one or mor^ of the grade leve3b^ involved 
and not upon'^ts powep/ of ranking individual'^^ 
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3. -''THE STUDEMT POPLLAiraN • , \ 

' ' . .■ . • ' ! 

Slightly more' than one hundred thousand students at three grade levels 
completed the ^^athematics Assressment tests. As the data in Table 3-1 show, 
the rate of response v^aried from a low of seventy-one percent at the 'Gradte 
12 level to ninety percent at; Grade 8*, and ninety-six percent at Grade/Y^ar 

4, . - - , . 

Table 3-1 . . ' ^ 

* Rate of Completion of. Mathematics' A*5s*^ssment fests 



Grade/Year 


/ - - 
Enrollment as df 
February 1977* 


Nui9ber of 
Completed Tests 


Percent • 
Completed 


4 


36 540 ' 


■35 277 


96.5 


8 


/'6' 808 


^ 42 250 


90.1 


12 ' 


32 532 


'23 J:36' 


71.1 


Overall: 


115 880 

¥ 


100 663 




* Data supplied by 


the B.C. Ministry 


of Education 




Of the three 


grade fbvel groups, 


Grade 12 was the only 


one which had 



^ lower return rate than might have been attributable to, normal absenteeism. 
In aSJition, some concern was expressed to the effect that senior secondary 
students might not have taken the test seriously and respondedj frivolously . , 

Th'e National Assessment of Educational Progress ('NAEP) program in the 
United St^ates has encountered similar difficulties of non-participa.tion. 
In their first analysis they assumed that the non-participating group was • 
similar in composition to the entire population, and that those individuals 
wfto failed to participate would not affect the* overall results^ Subsequent 
studies l^ave Shown that the nort-participatine group was not exactly similar 
to the/rest of the population and that the^W^ack of participation could 
result in artificially inflated results. NAEP has found that the extent 
of thjLs inflation is almost certainly not great enough to affect decision- 
making. For example, a success rate pf 67% achieved by^ those responding 
to .a given test item mipht repre^sent a true success rate of 64% for the^ 
entire population. 

^ To check. for tha extent of frivolous response on the Grade 12 test, 
t\^t> steps were taken. Each of the computer cards w)iich were completed by 
the students was hand-checj^d for completeness and for obvious patterns of 
irivolous response, such as the constant use of a single response category 
/or the repetition of a series of responses such -as ABC ABC ABC ,,, Thirty- 
two, such instances (0,1% of the total) were found. Secondly, a computer, 
analysis was undertaken to identify those students who had, in all likelihood 
responded by guessing, or by selecting answers at random. Two hundred and 
eight such cases were found, less than one percent of the total. > 



cases were found, les 
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In summarj?, the best data available at this time lead to the con- 
clusion t^at, despite the fact that, a siza'ble proporti6n of^the Grade 12 
population failed to take the Mathematics Assessment test, the overall 
results obtained by those who did are an accurate re^resen^tation of the 
total population. Moreover,^ analysis of individual students' responee 
.patterns has failed to sfiow any evidence of widespread lack of due care 
and attention in compleMng the test. ^ . ' , ^ 

Student' Characteristics • ' - . ' 

pn each te^t^^^tu^ents were asked to answer a number of ^background 
information questions. Eact^ such Question dealt with a variable which 
had been -shown in previous research to be linked to achievement in* sch^l, 
Some of'Ae more interesting find,ings about these rep6rt;ing categories 
are discussed in Section 5 off this report. In the present section, some 
of the data" are used to describe the population of students who took the 
Mathema^cs Assessment tests. . 

!• Sex . • • * ! 

^ ' V ' ^ - - ' . 

Approximately 2 500 mc^e male than female students took the x 
"Mathematics Assessment tests. In" terms of pertfentages, fifty-one 
percent of the- respondents were male and forty-nine percent were 
_ female. ' * , 

\ - ^ . i ■ • 

\ Combining the information on s,ex«of Grade 12 respondents with 
^ tneir mathematics backgrounds yieldeld disquieting results . Only 
forty-t-wo percent of the Mathematics 12 students were female,' .while 
sixty-four percent of those whose last, mathematics course was Mathe- 
"matacs 10 were female. In odi<^r words, d disproportionate number of 

^. female students have dec/ided no^ to study any .mathematics in secoj 

dary\ schopl beyond the last^-tr]5urse required, l^atttepa^l:icS 10. 

NumbeV of Schools Attended > ^ 

--. r ^ — t .-^^ > 

Phe A^essment results indiqs^te that over fifty percent of the 
students have changed schools fgr Reasons other than change of level 
6uch as from elementa|V^to j\unior secondary. Qne quarter of the 
Grade/Year 4 students ^lad attended thi;ee or more schools . Forty 
p^rcentlof the Grade 8 studen-^ and sixty percent of those at Grade 
12. had attended at least four schools. • . * x 

3 . National! Origin and Languages Spoken >^ 

Aboiit seventy-five percent of the Gra^e/Year 4 students who took 
the test were born in Canada, and eighty-four percent had English, as 
their first language. Although such questions were not part of the 
Grade 8 and 12 Mathematics Assessment?, they were asked on the' Reading 
tests and»it jwas^ossible to-^btain information on the national origin 
of thqse students who wrote both tests. Between eighty and eighty- 
five percent of the Grade 8 and 12 ^udents were born in Canada^ and 
about eighty percent had English as/their first language, ' 

'^7 . . 
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Television Viewing Patterns 

Just over thirty percent of Grade/Year 4 students said they watched 
at least five hours of television per day. In other words, they spend 
at least as much tlnje watching television as they spend In school, and 
they may be spending mc^re time watching television than they do on any 
other activity. 

^Datalrom the Reading Assessments test Indicate that at the Gr^de 
8 level the percent-of students who watch five or more hours per day Is 
also very high, about twenty-five percent. At the Grade 12 level, the 
comparable figure is only about five percent. Aboift forty-five percent 
'o^ students at this level say they watch between one and two hours of 
television dally. . , 

Mathematics Background of Grade 12 Students 

Students are not required to take any course In mathematics beyond 
Math 10. Data from the assessment reveal that only fifteen percent of 
Gtade 12 students have taken no' more than this mlnli^um requirement, and 
thaf^over thirty-five percent have taken %ome form of Math 12. 

On the basis of -their backgrounds in mathematics, Grade 12 res- 
pondents were. dlvldgd into three categories.^ Those who were taking or 
who had taken some form of Math 12 were deslgnate'd the Math 12 group, 
'Tl>ose who were taking or who had taken no mathematics courses beyond 
some form of Math 11 were^called the Math 11 group. The remainder, 
those who were taking some form of Math 10 or for whom such a course 
was the highest level of mathematics successfully completed, were called 
the Math 10 group. ' 

Hand-Held Calculators ' o"^"* , - 

The proportion of sttfdents who have used a hand-held calculator"^ 
In school varied from three percent at Grade/Year 4 to tei^^^p^cent^ at 
Grade 8, and'to fifty-one percent at Grade 12. ^ This laet 'figure, when 
,|broken down by mathematics background, reveals that seventy-tWb percent 
ftf the Math 12 students have ysed a calculator In school, but only 
about thirty percent of tjie Math 10 students have done so. the vast 
majority of students in Grade 4 and 8 say they* have not. used a hand- 
held calculator for homework, while about half the Gr^de 12 students 
say they have done so. . . - 

Mathematics Assignments t ^ 

Fifteen percent of Grade 8 stuSents "wlio are taking a mathematics 
caurse and about the same proportic/n of Grade 12*students said they 
spend no time at all on out-of -class assignments in mathematics. About 
eighty percent said they spend some time on such assignments, but usually 
less than one hour per day. 
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8. Part-Time Employment of Grade 12 Studients ^ s / 

Over fifty percent of Grade 1-2 Students have part-time jobs,^ and^ 
tnost of them are employed both during the week and 'on weekends. On 
the average, these students spend between ten and fifteen hours per 
week at their jobs. ' • ' * 

9. Future Plans of Grade 12 Students • 

About twenty percent of Grade 12 students plan'^to enter the labour 
market upon completion of secondary school, and an additional thirteen 
percent are undecided. Thirty percent are planning to enroll in uni- 
versity or in pre-university programs at community ccdleges. Among 
those students taking Math 12, about sixty percent plan to attend uni- 
versity or community, college and about seven percent intend to enter ' • 
the labour market. Among the Math 10 group; about f if teen^percenf 
plan to attend university or community college, and thirty-five percent 
plan to seek employment. 
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4'. TEST RESULTS 

The student tests at all three gradje- levels were machine-scored, an^ 
the percent of students who obtained the correct answer was computed for 
each item. For each multiple-choice item, the percent selesxirng each in- 
correct choice was also calculated. Using these results, the mean Rercen^t 
correct for each objective aird domain of the three tests was obtained. On 
•the basis of the item results, the Interpretation , Panels judged the students* 
performance on each item, and assigned that performance one of the five 
ratings which are listed below along with their abbreviated designations. 

Strength (St) 

Very satifap-tory (vs) 

Satisfac|:ofy (S) 

Marginally satisfactory (MS) 

Weak^iess , (W) - ^ 

The Panels ''ratings were based not only on the percent of students who had 
responded correctly, but also 'on the degree of difficulty of the item, the 
range of students' abilities within^ei^ch grade level , ^and^^the^ct there .is 
variation, in instructional goals 'artH methods throughout the province. 

7 . 

In the sections which follow^ summaries of the results of the three 
tests are presented. At this point, it seems appropriate to make three 
cautionary remarks. .First, since these arh summaries, much has been left 
unsaid. A more thprough discussion of the results and their implications 
may be found in the Test Results* volume which is available from the Lear,ning 
Assessment Branch. Secondly, ^ any comments which are made about the accep- 
tability of thd^ perf orirance on any given item or group of items are based 
upon provincial results, and may not be applicable to individual students. ' 
Thirdly, comparisons between students' performances on any two items or 
objectives should not be made by merely comparing percentages. For example, 
eighty-one percer>,t of Grade/Year 4 students obtained the correct respon3e 

to Item 21 

5 ) 45 . ' 

V 

and this result was rated satisfactory while a seventy-six percent correct 
result on a later (and more difficult) item. Item 48 (below), was rated very 
satisfactory.* t • 

(48) Which Is true? ^ ' 35 > 45 

35 =.45 

45 = 35 

35<45 ^ 

- y I don*t know 



\ 



* .Test items ha\ye been photographically reduced for pre^en]Da1Sjon in this 
report. ^ > 
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Grade/Year 4 



The test contained sixty-nine items designed to assess students' mastery 
of ten objectives grouped into three domains. ' Although the test was adminis- 
tered in Grad6/Year 4, the content of each item was chosen from at most the 
Grade 3 level/ the end of primary education. Student performance on each 
item was assigned one of the five ratings by the Intejrpretation Panel, 
Table 4-1 summarizes, for each objective, the number of items where perfor- 
mance was judged as Weak, the number where performance was judged as Margin- 
ally Satisfactory and so on. For example; for Objective 1,2 five items were 
used to measure students' abili^J^ on the addition of whole numbers. Overall 
student performance was rated as^ .Very Satisfactory for four of these test 
items and as Satisfactory on the other. 

/ Tablfe 4-1 . 

Pane"^' Ratings of Grade/Year 4 Mathematics Results 





Number 
' of 


Number of 


Items 


by Category 


Objective 


Items 


W 


MS 


S , 


VS 


ST 


Domain 1: Computation and 
Knowledge 














1.1 Mastery of Number Facts 

1.2 Addition of Whole Numbers 

1.3 Subtraction of Whole 
Numbers 

1.4 Knpwledge of Notation and v 
terminology 


/ 24 
5 

,5 

■ 6 


— ^ — 4 

1 . 


3 

2 
1 


. 4 
1 

1 


.. 10 
4 

1 ^ 

3 'j 


7 


Domain 2: Comprehension 














2.1 Plaoe Value Concepts 

2.2 Number Properties 

2.3 Measurement Concepts 

2.4 Fraction Concepts 


\ 4 
5 
2 


2 

' 1 


\3 

1 

^' 1 


2 


3 
2 


2 


Domain 3: Applications 














3.1 Solution of Practical 
Problems 

3.2 Solution of Computational' 
Problems 


6 
6 




1 

1. 


2 

5 - 


2 


1 


TOTALS : 


69 


■ 4 


12 


17 


25 


1 ■ 

1-1 
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The Grade/Year 4 results, overall, are encouraging. They indicate 
that most children at this level are learning many of the mathematical 
skills expected of them. On si^ of the ten objectives, students' per- 
formance was particularly good. These were Mastery of Number Facts, 
Addition of Whole Numbers, Knowledge of Notation and Terminology, Com- 
prehension of Number Properties, Solution of Practical Problems, and. s ' 
Solution of Computational Problems. On the other hand, performance on/ 
Subtraction of Whole* Numbers, Comprehension of Measurement Concepts, ^ 
and Comprehension of Fraction Concepts was less satisfactory. 

The Interpretation Panel judged students' performance on the numtier 
fact items for addition arid subtraction to be a strength. They were very 
satisfied with the achievement rate on the multiplication facts, and satis- 
fied with the perfomance on division facts. Since the number fact section 
of the test was timeS, it was not possible to be certain whether the rela- 
tively high rates of missing responses on the l^st several number fact items ^ 
(which were also the division fact item«) were due to students' not kMjjjamg 
those facts or to their having run out of time. 

In Domain 1, a weakness was noted on Item 36 for Objective 1.3, Sub-/^ 
traction of Whole Numbers. Fifty-six percent of the students obtained 
the correct answer to that item, ^^^^ 

The exercise was difficult since it required multiple regrouping with a 
zero in the minuend, and students '. ability to carry out such a process 
correctly is dependent upon their understanding of our decimal numeration 
s/stem. None of the subtraction with regrouping item results was rated 
any higher than marginally satisfactory, and this suggests that more atten- 
tion should be paid to developing students' understanding of place value 
concepts, of techniques for regrouping, and of applying these concepts to 
the operation of subtraction. 

The results for the objectives from Domain' 2 were the least satis- 
factory. While perf ormance'^on Understanding of Number Properties was very i 
good, performance on the other three objectives was not. Two item results j - 
from OSjective 2.3, Comprehension of Measurement Concepts, were rated as *| 
weaknesses. ^The items, which are shown in Figure 4-1, measured students' 
familiarity with temperature measured in degrees Celsius and weight (mass^ 

kilograms. In J t em 64, 25% of the students correctly answered the question 
and in number^65, 32% of students responded correctly. ' ^ 



i 



The word "mass" was" not used on the tests, although it is the correct 
. term. It was deemed better to bse the familiar .term "weight". 



\ 
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(64) A teivyear-old boy Is likely tolheigh: ' 



(65) The temperature on a sunny summer day 
would most likely be: 



X of 
Students 

35 grams • 9 

75 grams 22 

35 kilograms % 25 

75 kilograms 33 

I don't know ' 8 

\ Students 

5* Celsius 5 

25* Celsius : 32 

SS* Celsius 27. 

85* Celsius 29 

O 

I don'tvknow 6 



Figure 4-1: Grade^ear 4 - Items 64 and 65* 



On the whole, the Interpretation Panel found students' performance on 
the items dealing wi,th the metric system of measurement to be disappointing. 
Th^ Panel recommended that further steps be taken to provide teachers with 
materials and in-service training for the teaching of measurement. 

Performance on Comprehension of Fractioti Concepts was also rather we?ik. 
On Item 58, where 60% of students responded corrfectly, performance was 
marginally satisfactory and on Item 60, where 54% answered correctly, it 
was weak. - • - 



(58) Which group of dots Is one-half (^) shaded? 



212 



60X 



•0 








0 0 




. •• 






• 0 


• 






0 




0 




0 




8 0 



I don't know 
7% 



(60) Which box Is one-fifth (-!•) shaded? 



n 



542 



152 



172 



I don't know 
52 ' 



Figure 4-2: Grade/Year 4 - Items 58 and 60* 



* The 



■ V ■ 

\ correct response Jias been underlined. 
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Fraction concepts .are a ^rt; of the standard curriculum* at the primary- 
level, and students are expected to learn about fractions both as parts of 
wholes and as parte of sets. Ofi the other hand, there is some -Evidence 
that such concepts m^y be too sophisticated for children o| this age. In 
other words, the developmental level of many of these children may not per- 
mit them tc^ grasp ^uch concepts. Persons who are involved' in the design 
and implementation of curricula'r material^ for mathematics, and educational 
researchers should give the question of wWen to introduce fraction concepts 
to children their immediate attentibn. / 

■ ■ / 

The results on the items from Domain 3, which concerned problem-solving, 
were, commendable. ' Problem-solving is the most difficult topic in the mathe- 
matics curriculum to teach, and it is at least as difficult to learn. In 
spite of this, no item results from Domain 3 were rated as weaknesses, and 
one if]aiS rated aS' strength. This latter item dealt^^with students' ability 
to read information from a bar graph.- 

Grade 8 • ^ 

The test administered to Grade 8 students .contained sixty items dealing 
with some of the essential skills ^nd concepts of mathematics for the inter- 
mediate grades (4 - 7). The items were grouped under twelve objectives which 
were themselves grouped into three domains. 




StuHent performanqe on each it;em was rated by the Grade 8 Interpretation 
Panel. Table 4-2 summarizes, for each objective, the number of items where 
performance was judged as Weak, the number where ^performance was judged as 
Marginally Satisfactory and so on. Fo%example, five items were used to 
measure Objective 1.1. Performance on otte item was judged as Marginally 
Satisfactory, another item Satisfactory, and three items Very Satisfactory. ^ 
The abbreviated designations for the various rating categories which were 
described earlier have been used in this table as well. 



The proportion of Grade 8*item results which were ^ated by the Grade 8 
Panel as being very satisfactory or strengths was lower then th^ correspon-^ 
ding proportions of ratings given by the other two Panels at their respective 
grade levels. Correspondingly, a higher proportion of Grade 8 results w^re 
either we^k or marginally sajtisfactory although thie difference between Grade 
8 and 12 was slight. The oyjerall picture, while not being one of weakness, 
seems to show performance at this level to be the least satisfactory of the 
three levels tested. . < . . . 

• / 

Thirty-nine of thfe*^sixty test it^em Vesults were rated as satisfactory . . 
or better and six were seen as weaknesses. While it may b*e concluded from 
these results that the majority of students have acquired many of the 
essential skills and understanding which' are expected of t|j^,> t/here are 
also fairly large numbers who have not done so, and these students need 
addit4.onal assistance. Moreover,*, there are a few areas,, notably those of 
rational number concepts, geometry, and measurement which are in need of 
substantial improvement and immediate attention. ' • ^ ' 
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Table 4-2 

Panel Ratings of Grade 8 Mathematics Results 







Number , 


?/ ^ 




Objective 


of 


Number of Items by Category 




. Items 


W MS ' S VS ST 



Pon^ain \\ 



Computation and 
, Knowledge 



1.1 Computation with Whole 
Numbers 

1.2 Computation with Fractions"^ 

1.3 Computation with Decimals 
1»4 Knowledge of Notatio^i and * 

Terminology 

1.5 -Knowledge of Geometric Facts 

1.6 . Equivalent Forms of Rational^ 

Numbers 



5 
4 
5 

9 

4 



1 
2 
2 

2 
2 



3 
1 



Domain 2: Comprehension 

2.1 Number Concepts 

2.2 Measurement Concepts 

2.3 Geometric Concepts 

2.4 Algebraic Concepts 

Domain 3: Applications ' 

3.1 Solve Computational Problems 

3.2 Solve Geometry and Measure- 
ment Problems ^\ 



2, 

1 . 
1 ' 



2 
3 
2 
2 



TOTALS: 



6d 



15 



25 



11 



The strongest areas in Domain 1 were Computation with Whole Numbers, 
and Knowledge of Notation and Teimilnology . The areas o^ Computation with 
Fractions and Decimals, Knowledge'. oP Geometric '^acts , and Equivalenj: ^Eorms 
of Rational Numbers were weaker in varying degrees', with the last-named^ 
being the weakest of all. *" 



Students' ability to write a number expressed as a fraction, decimal, or 
^percent in either of the other forms was less than satisfactory. For example, 
only 38% of students correctly answered Item_31 on the student test (Figure 4-3), 
a re'sult judged as a weakness. More emphasis on this topic would appeir to be 
warranted by results such as this. , ( . 



34 



8 ^ A) 


0.12 


X of 
Students 
6 


• 






' -B) 


0.8 


41 








C) 


0.125 


38 - 


I 






D) 


0.18 


8 








• E) 


1 don't know. ,5 




* 
















, Figure 


4-3: 


Grade 8 - Item 31 









Computation with decimals and fractions seems to be satisfactory, but 
not overly so. Operations with decimals in particular should receive more 7 
attention than in the past because of the introduction of the metric system 
which emphasizes decimal notation over fraction notation.. >♦ 

Strengths were outuumbered by weaknesses in Wmain 2. . Performance was 
quite good on Comprehension of Measurement Concepts, but somewhat weaker on 1 
Comprehension of Geometric Concepts and of Number Concepts-. 

Two of the item results rateh as weakness in Domain -2 dealt with fraction 
concepts. One of tHe items (see Figure 4-4) required students, to use .the 
basic concept of what a fraction is, and* the other required them to order ' 
rational numbers. Performance of Grade 12 stiidenlrs- on these same two items; 
was judged as weak. Grade 12 results are presented here to illustrate dif-> 
ferences between the two levels. . • > ^ 



> 



18. *f There are 13 boys and IS girls In a 
group. What fract(pn of the group is 



boys? 

A) 15 
28 

B) H 
15 

' 1*1 

^' ra 

D) L3 

28. 



E) I don't know 



47. Which number Is largest? 

2 
3 



A) 



D) 



Z of Students 
Grade 8 Grade 1<2 



5, 


5 


53' X 


38 


6 


4 






2 


1 



X of Students 
Grade 8 Grade 12 

38 -21 



E) I don't know 



29 

16 

12 

2 



59 



5 
1 



Figure 4-4: Grade S - Items 18 ^ixd 47 

• 35 ' • 



The weak performance on these items indicates an area of the curriculum 
where improvement is needed. Fraction or rational number concepts are diffi- 
cult, and teachers of matljematics at all JL^vels must 'have available to them 
the best methpt^s and materials for developing these Concepts with their 
students. ' \ ^ . 

1^ , ^ ' ' 

Performance on the Comprehension of Geometric Concepts items**was dis- , . 
appointing, with none of the four results being rated higher than sati&f ^trtory 
and twovbeing rated below satisfactory. The poorest performance was registered 
on an item in. which students were asked to find Che area of right triangle^ 
with legs 6 and 14 units long respectively. Almost twice as many students . 
chose 84 as the, response than chose the correct answer 42 (^ee Figure ,4-5). 
It may be that insufficient emphasis is' being given to geometry and measure- 
ment in the intermediate grades and, if this is the case, some. improvement 
in that situation wouldtappear to be warrant^ed by these results. 



S2. Find the area of this right triangle: ^ 




A) 42 

B) 20 

C) 84 

D) 21 



Z,of 
Students 

24 " 

18 
42 
4 



E) I don't l^now 



Figure 4-5: Grade 8 ^ Item 52 



One item, number 48, 



Simplify: 30 - 4^(8 - 2) . 



from Comprehension of Algebraic Concepts, dealt with order di op'eratiofis . ♦ ' 
Only eighteen percent of Gtade 8 studen'ts* obtaine.d the* correct response 'and 
this performance was rated a v^takness. The. importance of this topic at this 
level is ^questionable, but it is, part of th^ mathematics Curriculum at the 
Grade 7 level and virtually eve\jyone who participated in the review process 
during the development of the objectives for the assessment recommended 'that 
such an item be included on the test. If the topic is to remain as part of 
the elementary mathematics 'curriculum, then teachers 'should place more em- 
phasis upon it. * , ^ ♦ ^ ^ ' 

Results from Domain 3, which concerned pr<H>lem-solv4^g, were satisfactory 
overall. ^ As with Grade/Year 4, this is a commendab^Jie performance becaus^e of 
the difficulty of teaching and learning problem-solving skills. Results on 
Item 24, a one-step problem involving multiplication of, whale numbers , vindi- 
cated strength while, those on Item 37, a multi-step probleln involving the *. 
concept of area, indicated weakness. The two items are^presented in Figure 
^-6. , . , ' 



31 



24. There are 25 members In the volieybati 
club. If the cost for each uniform is $24. 
how much would It ^ost to buy new 
uniforms for ail the club members? 



mZZZZZZZZZZZ2ZZZZZ\ 

i 



8 



12 



/}/x//^///x///////>A 



15 



10 



A) $ 49 

B) $6000 

C) $ 600 

D) $ 96 



X of 
Students 

2 
3 

2 



' E) I don't know 2 

37. What Is the area of the shaded portion 
of this Hgure? 

A) 54 

B) 96 

C) ifeO 

D) 60 ^ 

E) I don't know 



X of 
Students 

2L 
28 
11 
11 

21 



'Figure 4'-6: Grade 8 - Items 24 and 37 



Grade 12 



The Grade 12' test was administered to all students enrolled in Grade 12 
whether or not they were currerjtly taking a mathematics course. It was not 
a test of any particular course, such as Math 10, Math It, or Math 12^ but 
rather a test of students* mastery of a number of essential mathematical 
skills and concepts which, for the most parf, .^i*- students could be expected 
to have acquired upon completion of secondary scnbol. The content of each 
itenv^was from the Grade 10 level or below. Accordingly, th* results summar- 
ized here should not^ be used to charactierize the succes3 of any particular 
course, nor should they be interpreted as indicators of students* preparedness 
or lack of .preparedness for post secondary courses iti mathematics. 



The seventy-two test items were grouped under eleven. obj ectives which 
were themselves grouped into three domains. Student performance on each item 
was rated by the €rade 12 Interpretation, Panel. Table 4-3 summarizes, for each 
objective, the number of items where ^performancie^as judged as Weak, thie 
ntamber where perfoirmance was judged as Marginally Satisfactory and so on. - 
For example, four items were used to measure Objective 1.1. Student perfor- 
mance on.twa of these test' items was judged as Satisfactory, and on the other 
two ^^performance was rated as Very Satisfactory. As with Tables 4-1 and 4-2,. 
the abbreviated designations for the Panel rating categories have been used. 



^On tl^ basis of the ratings assigned by the Interpretation Panel, it * 
would apprar that the Grade 12 results, overall, are slightly better than 
the Grade 8 ones and not as good as the Grade/Year 4 results. Only three 
of the item results were considered strengths, while seveI^were rated as ^ 
Weaknesses. Of most concern is the»fac*t that five of the seven weaknesses 
^ were in the Applications Domain, that is, in problem-solving. , 
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Table 4-3 

Panel Ratings 6f Grade 12 Mathematics Results 



• 

Objective 


Number 
cTf 
Items 


Number , of 
W MS 


Items 
S 


by Categor-y 

S2 

VS ST 


r 

Domain 1: Computation and Knowledge 








• < t 


1.1 Computation with Fractions 


4 




2 


2 


l.i CompAitation with Decimals 




2 


3 




1.^3 Knowledge of Notation and 










Terminology 


14 


2 


6 


4 2 


1.4 Knowledge of Other Algorithms' 


-7 


' 2 


3 


1': '1 



Domain 2: , pomprehension 

3.1 Number Concepts . 

2.2 Measurement Concepts 

2.3 Geometric Concepts 
2.4" Algebraic Concepts 

Domain 3: Applications 

3.1 Solve Computational Problems 

3.2 Salve Geometry and Measure- 
m^t Problems 

3.3 Solve Algebraic Problems ^ 




4 



1 
1 



1 
3 
2 
4 



TOTALS: 



72 



l5 25 



21 



/ 

* The Interpretation Panel declined to rate^ performance dft one item , in this 
objective. " ' , ' 

All three item results^ which were rated strengths occurred in Domain 1, 
Two of these items concerned knowledge of the terms "factor" and "reciprocal", 
while the third dealt with reducing a fraction to lowest terms. The students' 
performance on the. items in this domain was quite satisfactory, and is indi- ' 
cative of the fact that students completing secondary school are^'fairly 
competent in performing the four basic operations of addition, subtraction, 
multiplication, and division. 

One of'the^Item result-s rated as a weakness in Domain 2 for Grade 12 
was also rated a^ weakness among Grade 8 students. This was Item 18 (see Figure 
4-4) from Gfbjective 2.1, Comprehension of Number Concepts, and it concerned 
basic fraction concepts. Only 51% of Grade 12 students correctly answered the 
question. The only other weakness noted in this Domain occurred occurred 
on an item dealing with familiarity with the metric unit f or Wss (weight). 
Generally speaking, the students seemed to be familiar with some of the basic 
metric concepts although some areas leave room for improvement. Secondary* 
schools shouJ.d implement^-pxxigrams to familiarize all of their students and 
especially those at the senior levels, with the metric system of measurement. 
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The results on five of the eighteen probleui'-solving items from the 
Applipations domain were rated as weaknesses, and four more as marginally 
satisfactory. None were rated as strengths. Four of ,the weak results 
occurred on geometry and measurement problems, one of these being Item 47 
which was, discussed earlier as having resulted in a weak performance at 
the Grade 8 level. The fifth area of weakness was noted on an item dealing 
wit'h the use of the simple interest formula, i = hrty whdch was given along 
with the item. 



69. Find the prirfclpal, If the Interest 
received aft^ two years at an^nnual 
ralfof 6% Is $60. 







Z of 






Students 


A) 


$2000 


9 


B) 


$5000 


, 7 


C) 


$ 500 




D) 


$ 720 


17 


E) 


1 don't know 


16 



Figure 4-7: Grade 12 - Item 69 



The results for the Applications domain level are disappointing. They 
indicate that many students are unable to apply the computational ^kills 
they have learned to certain types of problems. This seems to be especially 
true in the ar^a of geometry and measurement. Teachers and teacher -educators 
need to stress Ithe overriding importance of problem- solving in mathematics, 
and their students need to learn strategies to use in attempting to solve 
problems in mathematics. ' * * 

** ' ^ - r 

J' 

One of the major f?/,tors to be borne in mind 5n analyzing the Grade 12 
results is that students at this level y,ary .considerably in the nature and 
extent of their mathenatics backgrounds. .Almost fifteen percent of these . 
students had tal^en no courses in mathematics beyond Klath 10, the last com- 
pulsory course. Just over thirty-five percent had^ taken or were taking some 
form qf Math 12 while the remainder had taken no courses beyond Math 11. 

On the averllge, the llath 12 group's results were approximately twenty 
percent higher than those of the Math 11 group which were' in turn about 
fifteen percent higher than the Math 10 group's. A.s a matter of fact, the 
Math 10 group achieved at about the same level as Grade 8 students on those 
items which were common to both tests. A comparison of the performance on ^ 
the three domains by the Kath 10, Math 11, and Ilath 12 grjOups is shown in 
^^igure A-8. For Item 69, displayed on this page, 73% of the >Iath 12 group 
correctly answered the question, compared to 36% of the Math 11 group and 
26% of the Math 10 group. ' 



The low performance by the Math 10 group may be due partly) to their 
having forgotten much of the material tested, as well as to t>^ fact that 
many of these students are among the least capable mathematically. . To; the 
extent that these factors are important in determining the overall result, 
it^might^e advisable to consider requiring all students to take more mdthg- 
matics or to consider pbstponing the taking of Math 10 by such students 
until Grade 11 or 12. It goes without saying that the more mathematics 
rei^erred to means more consumer-related mathematics and not more academic 
mathematics. ' . ^ • 
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> ' Tigure 478: Comparison of the Performances ^ 
1^ *of the Math 10, Math 11, and Math 12 S(ib-Gr(3lips of the -Grade 12 Population 

' ■ s , ; • ■ ' • ' X ' . 

A number of the iteirs on the Grade 12 /fest dealt with consumer mathemat!ics, 
that is,. withM?lciTls.^d concepts which students will have to use in their 
day-to-^day lives. .Theydrtems dealt with topics such as ,percent, discount, 
^totl^nission, interest, /selecting the best price for an article, u^e of formulae, 
atlff reading grajJhs, road' maps, and tay tables. Of thirteen ^uch\tem a;esults, 
seven were rated satisfactory or aboye while fiye were' rated marginally satis- 
factory and one as a weakness. Hje item result rated a weakness was shown in 
Figure 4-7. * ' / ^ ' ^' 

Consumer mathematics skills are of gre^t importance, and these results 
indicate* £hat many students are completing* school without having mastered tlje 
skills required^to solve suph problems. Some initial steps -fco correct this 
situation have already been taken (e.g., 'the introduction of an^ elective course' 
in Consumer Mathematics at the seniorl^^econdary levels and the in(>lusion of ^a . 
unit on consumer mathematics in' the Math 10 course), and such ini^:iatives should 
. be endorsed by all teachers. All students sh6uld have been taught the majoiy > 
concepts of consumer mathematics before completing secondary school and, pre- 
ferably, at the senior secondary level where such material is more likely to , 
be of interest to them. ^ • / * < ' ' . 
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5. "REPORTING C5VTEG0RIES 

- ■ . ■ ■ 

Achievement in mathematics is the end result of the coalescing of a 
gifeat number of student-related factors, both extrinsic and intrinsic. 
Attributes inherent in the student, programmatic and curricular variables, 
as well as t:he_effect of environmental .variables such as teacher differ- 
ences, all contribute in varying and largely unknown degree's to a given 
student's performance. Of the fairly largg number of such variables, 
which the^ conventional wisdom, current educational practice, and educa- 
tional research have identified as being linked to achievement in nathe- 
matics, several were examined in the Mathematics Assessment. 

There is a danger that reporting category data may be misinterpreted 
as implying the existence of cause-and-ef f ect relationships between two 
variables when, in fact, no such conclusions are warranted. The data may 
show that two variables are linked and seem to be related, but tjiey cannot 
be used to conclude that changes in one variable will cause changes in the 
other. For example,* the data may show that Grade/Year 4 students who watch 
four hours of television per day obtained higher scores on the test than 
those who watch less than that amount. This does not imply that students 
who watch little television would improve their scores by watching more 
f television. It may be the case that the changes in perfQcmance are due to 
thQ influence of factors other than those discussed here or to some combin- 
ation of such factors. In other words, while the assessment data may show 
that certain variables appear^ to be related to achievement in mathematics, 
this should not be interpreted to mean that one causes the other. 

Age (Grades 4, 8, and 12) ' ' ' - . 

At all three levels, the younger students outperformed their oTder 
counterparts. In Grade/Year 4 the nine-year-oldal achievement surpassed, 
that of the ten-year-olds' wh(i in turn outscored the eleven-year-old^s. 
This is not a surpr4*sing result since .many of the older students at each 
level have been progressing through the system at a slower than average 
pace because they are less capable academically. 

Of greater interest is.thfe finding that, among Grade/Year 4 .students 
born in 1967, there is a relationship betweexi d^te of birth and achievement. 
Children born" in the first quaVter of 1967 ^ that is between January and 
March, did better on all Grade/Year j4 tpst objectives than those born be- 
tween April and December of "the same year. In ot^r words, among nine-year- 
, o^lds, the older cliildren outperformed the younger onee^. The group differ- 
ences were greaxtest on- the objectives dealing with Knowledge of Notation 
and Terminology, Understanding of Measurement Concepts^ Understanding of 
FractioiV Concepts, and Problem-Solving. Thf^e findings, organized by domain 
are summarized in Figure 5-1. * - . 
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Figure 5-.I: Grade/Year 4 Results by Age 



Previous research irTthe field of Mathematics Education supports the 
finding that, at least in the early grades, children born in the first part 
of the year have an academic advant^age over -the others. It is important 
to note the coatiiruknce and -the consistency ^of this trend across domains 
among childreh completing Grade/Year 4, and the size of the group differ- 
ences particularly in those areas^f the mathematics curriculum which are 
an^ong^the most abstract such as understanding of fraction and measurement 
concepts. . ^ 

Sex Differences (Grades 4, 8, and 12) 

A comparison of the results obtained on each domain by males, and females 
is presented in Figure 5-2, At the Grade 4 and 8 levels, boys outperformed 
girls on as many^^jectives as girls outperformed boys. Girls had the 
advantage on soi^ objectives from Domains 1 and 2, while the boys' results 
were higher^'*6iw{ther objectives from domains 2 and 3. In general, the girls 
were superior on objectives dealing with skills and concepts which were 
lower; on the scale of cognitive behaviours than those on which the boys 
obtained hi^^r results. *Most differences were not large whether in favour 
of the girls or of the boys. • * : 
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Figure 5-2: Domain Results by Sex 



When sex comparisons were made with the mathematics background variable 
controlled, the same general picture emerged. The males continued to obtain 
higher results, but the differences between the two Math 12 groups were small. 
The differences were soraevhat larger among the ^lath 11 group, and larger still 
among the Math 10 *s as is shown in Figure 5-3, ^ • 




Figure 5-3: Math 10, 11 and 12 Results by Sex '^^ 
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Number of Schools Attended (Grades 4, 8 and 12) \ • ' . | 

As wa6 mentioned earlier, the data on number of schools attended 
indicate that over fifty percent of students have changed schools for 
reasons other than change of level such as frpm elementary to secondary. 
Twenty-five percent of the Grade/Year 4 students had attended at least 
three schools. Forty percent of Grade 8 and, sixty percent Grade 12 
students had attended four or* more schools. r 

One of the findings of the 19^76 assessment in Reading was that an 
increase in 'the number of schools attended was accoq^panied by^ decrease 
in performance in reading at the Grade/Year 4 level. The sam^lnr^nd was 
obsej^ved with the Mathematics Assessment results at both the (frade' 4 and 
8 levels. At the Grade 12 level, the results do not indicate )any rela- 
tionship between achievement and number of schools attended except ^that 
those students who had attended eight or more schools scored lower than 
all of the other groups. 

Amount of Television Watched (Grade/Year *4) 

Many students spend considerable amounts of time each day watching 
television. Over f^rty percent of Grade 4 and 8 students stated they 
watched at least four hours of television per day during the wfeek, but 
only eighte^n^ percent of Grade 12 students watch that much television. 

Grade /Yjpar 4 students who reported watching about four hours of 
television per day performed better on the Mathematics Assessment test' 
than other children. There was a fairly consistent but slight^ increase 
in performance assopiated with an increase in television watching u^ to 
a maximum of four hours per day. Students who said they watched no 
television and those who watched five or more hours per day performed ' 
at about the same overall, level . The poorest performance was registered 
by the group that watched some television, but usually less than .one 
hour per day. ' . / 

Among students in G^rades 8 and 12, students who watch one h^ur or 
Less of television per day obtained the highest results. Generally 
^speaking, an increase in amount of television watched waS accompanied 
at these level's with a decrease in performance. 



National Origin and First Language (Grades 4, 8, and 12) 

Students were asked three questions concerning whether or not they 
were bo-rn in Canada, and whether or not they spoke languages other than 
English. On the basis of ^their responses to these questibns, they were 
categorized as belonging to one of five groups', and the performances of 
these groyps on the three tests were then compared, . ^ 
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The. definitions of th^ groups are somewhat complex, and /there is not 
sufficient spaca to discus^^ tliem and all of the results here.. A more 
thorough discussion may be ^ound in the Test Results report. 

\ . I. 
One of the fiv^ groups,, Canadian, English-speaking, consisted of 

students born in Canada ?nd for whom English was t]ieir first language, 

Students who were not bor;n in Canada" and who usually -spoke a language 

other than English before entering Grade 1 were tlas^jified as non-Canadian, 

"non-English-speaking, The relative performances of these two groups are 

portrayed in Figure 5-4, 
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Figure 5-4: National Origin and First Language 



At the Grade/Year 4 level, the Canadian, English-speaking students 
outperformed all other studen^s, including the 'non-Canadian, non-English- 
speaking ones on all three domains. Their advantage was greatest in 
Domains 2 and 3, as might^have been, expected because of the increased 
importance of reading sl'ills in those" domains. 

A reversal in this trend was noted at the Gtade 8 and 12 levels. 
In both cases, the- nor-Canadian, non-English-speaking group outperformed 

the Canadian, Englisli-speaking group on all three domains. 

-ft. 

These results should be interpreted cautiously because this is a 
complex issue. For ' example,, students who were born in Canada and who 
spoke a language other than English (in their homes before starting Grade 1 
did not do as well as the non-CaAadfan, non-English students although they 
did outperform the Canadian; EnglisH^speaking studepts in Grades 8 and 12. 
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Use of Hand-Held Calculators (Grades 4, 8, and 12) 



At all three levels, 
at home obtained higher s 
those who sometimes used 
us'ed a calculator in scho 
were reverse at the Grad 
those who had not used a 
8 students there was less 
group having the advantag 
on others . 



students who said they sometimes used a calculator 
cores than those who did not. At the Grade^l2 level 
a calculatqj: for homeworlc^nd tho^e who sometimes 
ol outperformed those who did not. These differences 
e/Year 4 level, with the advantage being held by 
calculator for homework or in school. Among Grade 

consistency in the rvesults with the calculator 
e on some objectives, and the non-calculator group 
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Time Spent on Agsignmentfe (Grades 8 and 12) 



Students who spend some -time on out-of -class assignments in mathematics 
but who spend less than thirty minutes per day on such work obtained higher 
results on the assessment t,est than those who spent no time on such assign-: 
merits or more than half an hour per day. Of the three 'groups, the results 
for those who spend no time on assignments were substantially lower than 
the other two on just about every objective. Results for the ojther two were 
usually about the same with several of the differences being less than one 
percentage point. . 



Parental Educational Level (Grade 12) 



The Mathematics Assessment test results showed a general pattern of 
increase (see Figure 5-5) in student achievement with an increase in the 
highest educational level attained by the father or guardian. Two questions 
weire asked concerning th^ highest level of education attained by the ^father 
(or guardian)^and the mother ^(or guardian). However, because the results 
were similar whether 'the father's or the mother's educational level was used, 
only the relationship between student performance and fatlier's educational 
level is ►mentioned here. 
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Figure 5-5: Grad^r2 Results by Father's Educational Level 
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Future Plans (Gtfade 12) 



About twenty percent of the Grade 12 students plan to enter the labor 
market upon comoletion of Grade ^2, and the vast majority of such students 
ate from the Math 10 and Math IT groups. Of the almost forty percent of 
Grade 12 students who plan, to attend coltimunity college or university, the 
majority are from the Math 12 group. About fifteen percent of the Math 10 
^udents intend to continue their education at a community college or uni- 
verstiy. ' * ^ 

^ J 

In each Domain, those students who said they intended to continue their 
education at a university achieved ^the highest results. The poorest perfor- 
mance 9n this test of essential sjcills was registered by those students who 
indicated they would seek full-time employmen^t^^^^^n completion of secondary 
school • The results obtained in this reporting category are summarized in 
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Figure 5-6: Grade 12 Results by Future Plans * 
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6. THE TEACHERS OF MATHEMATICS 

V 

* 

Data obtained from a number of the iteins'on the teacher questionnaire 
^ can be used to sketch the broad outlines of the nature and extent of the 
training of teachers of mathematics, their involvement in professional ' 
d^elopment activities, their membership in professional asSfociations, and 
their opinions about the subjects they teach. Such outlines should be 
interpreted cautiously, and the findings should not be applied to any in- '/ 
dividual teacher. f \ 

Teachers/of mathematics at each of Grades 1, 3, 5, 7, 8,, 10, and 12«were 
systematical!^ selected as potential respondents to the questionpaires 
which X^/ere mailed out' shortly 'af ter the student tests were administered. 
Of 3 451 questionnaires seilt out, 2' 955 were returned completed. iReturns 
at each level were high enough (the overall return rate was 85.6%) so that ' 
'there is a 95% chance that the results reported are a true reflection 15f 
the results which would be obtained from a poll of all of the teachers of 
mathematics at these levels. 

From one point of view, the general picture that emerges at both the 
elementary and' secondary levels is that mathematics is being taught by 
experienced teachers with fairly extensive backgrounds in. professional 
training. On the other hand, too many of these teachers have had little 
or no training either in mathematics or in the teaching of mathematics.' 
Moreover, relatively few teachers of mathematics are members of profes- 
sional associations spec^ializing 'in the .teaching of mathematics. • 

The situation appears to be particularly acute at the Grade 8 level, 
as wds also found in the Language Arts Assessment conducted in 1976. In 
the first year of secondary school, where many of the foundations for future 
w6rk are laid, students need the guidance and direction of the very best- 
•^prepared teachers of mathematics that can be provided. While it may be 
♦understandable that hi^rhly qualified teachers of uathematics would prefer 
tQ teach the mathematics content of the senior* grades, this must be balanced 
against the needs of the students. Schools should ensure ^that at all levels, 
ftbut particularly in the secon^ia'Sfcirades, mathematics is taught only by 
persons adequately qualified to offfso. ^ , • ' 

Professional Traininf: . - • " ^ 

The average teacher of elementary mathematics has had -just* ov^r four ^ 
years of post-secondary education. In^ general, the number of years qf 
training increases with grade level taught,. About fourteen percent of 
elementary teachers have had no professional training in the teaching. of 
• mathematics, and another 35% have not had'^such^a course in the past ten 
years. 

The average secondary teacher has had slightly more than five years 
- of po^t-secondary education. As with elementary teacher^, an 'increase in-^ 
years of post-secondary education accomparries an increase in grade-level , 
taught. Almost 35% of teachers of secondary mathematics did not have 
mathematics as one of tjheir major subject areas, in their undergraduate 
training. At the Grade G level,' this figure apprjoaches^f if ty percent. \ 
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Twenty percent of secondary mathematics teachers have had no training in 
the teaching of mathematics, and anothe* thirty-seven percent took such 
training more than ten years .ago* • • 

Teaching Experience > ' 

The results reported on ^baching experience are based on grouped data 
and are therefore approximations o£ the true figures. -All reported averages 
are conservative estimates, i.e., the tffue averages are almost certainly 
somewhat greater than those reported. \_ 

The average number of years of teaching experiencee among^the elementary 
teacher respondents was 8.5 years; for their colleagues at the secondary 
level the average was 9.2 years. Grade 12 teachers o^ mathematics had the 
^highest average number of years of teaching experience, 11.1, and Grade 5 
'^teachers tK^ lowest at 8.3 years. Just over one foyrth of the/elementary 
leachers and one third of the secondary teachers had more than thirteen 
years of experience. Less ^arwsix percent of either grpup were in their 
first y'ear of teaching. ^ ^ 

Professional Affiliatidjis 

Fifty-six percent of primary teachers belong to the Primary Teachers 
Association (PTA) , twenty-five percent of intermediate teachers to the 
Provincial Intermediate 'teachers Association, and twenty-seven percent of \ 
teachers of secondary mathematics to the B.C. Association of Mathematics 
Teachers (BCAMT) . With the exception of the PTA, other associations (no* 
information regarding membership in BCTF was obtained) do- not seem to be ' 
attracting members in great numbers. Of particular interest is the fact 
that less *than three percent of the elementary teachers said they belonged 
to BCAMT, the' specialists' association for mathematics. 

Professional Development ^ 

Teachers of mathematics* at the primary and at the senior secondary levels 
ar^ muQh more likely to have attended a recent conference session or in-service 
day dealing with mathematics than are teachers at the Grades 5, 7 and 8 levels. 
The Grade 8 level is also the one with the highest cpncentration of teachers 
of "^secondary mathematics with ^lo university level background in mathematics , 
or the teaching of mathematics They also have the lowest rate of membership 
in professional associations ot the three secondary groups surveyed. 
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INSTRUCTIONAL PRACiICES 



Samples of tearchers of matKematics at each of Grades 1, 3, .3, 7, 8, 10\ . 
and 12 completed the Teacher Questionnaire. The four major sections of that 
questionnaire dealt with classroom organization, use of textbooks, ^clasSi^om 
irvstruction, and the importance of certain mathematical content objectives. 
The results for each of these sections are summarized below. ' 

Classroom Organization ^ ^ * ° ^ ' . 

Questionnaire' returrs indicate that a considerable amount of time is- - 
spent in preparing for and teaching mathematics classes, and that the teaching 
of mathematics is highly trr.ditional in jcharacter . Putt^ng^ together the re- 
sults of several items shows that the mo^t frequently ufeed teaching t^t^hniques 
are total class instruction^nd teacher explanation. Among the most, commonly 
used student activfties are^ individual work and textbook exercises. In other 
words, and p'articularly at \he higher levels, these results indicate that .few^ 
organizational iiWlovations aiiie being used in the mathlpmatics classes of the 
' province. 

The 'Average size of a mathematics class at the elementary level is 25.0; 
at the^ secondary level it is 29.4. The largest average class size occurs at 
the Grade 8 level, where it is 30.6. The grade-by-grade averages are as 
follows': Grade 1 - 22.7, 'Grade 3 - 23.9, Grade 5,- ?5.8, Grade 7 -'^27.9,, 
Grade 30;6, Gtade 10 - 28.5, and Grade' 12 - 26.4. 

Elementary teachers spend an average of fifty-one minutes per day teaching 
mathematics', and an additional thirty-eight minutes in lesson preparation and 
grading of mathematics assignments. Secondary teachers of mathematics, who 
are more highly sp^ialized and whp lik^y have fewer classes to prepare than" 
elementary teachers, spend Vyi aVerage of 176 minutes per day teactiing mathe- 
matics, fifty-three minutes i>i class preparation, ^nd thirty-eight nninutes 
grading. ^ ^ ' ' , ' " . ' .* * 

The self-contained classroom is by f|^ the most^ommon teaching situation 
at all grade levels.' A^out twenty p'erc'^^'^of Grade 7 teacljerp indicated that 
there was a degree o^ ^ep^rtmentaLiza'^ip^^ in theJi/ classes: i.e., different 
teachers for different 'subjects. Open area^^classes and t^m Teaching have 
made some inroads at tti'e priraary level, hu\^ at^hGj>i^er gra^Bw level^'. 

A large proportion of^ teachers at/^^lJ^\evels' indicated that, inj%d.dition* 
to total class instructio^n, some form ojS^ ^i^aty grouping, and partially^ 
individualized instrux:tion wcr^ used "in"" th^'i; mathemati2:s claf'ses^ The us^^ 
of total class instruction tended J:o increas^ wjt^j j;racle level, ^ while the' 
other two decreased. - ' * ' V 



The most prevalent classroom activities in "elementary m£fthematics clas>ses 
are individual work, teacher explanationVo'^al N'o^kj drill on basic facts, and 
work on textbook exercises. At the seccfnd^ry level they are individual work^ 
textbook exercises, and teacher explanation.^ ThjB use of activity centres and. 
creative projects for the teaching *lDf mathem'arfcs} is very, limited at both the' 
elementary and secondary levels.' * 
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Use of Textbooks 

'Almost all teachers of mathematics use one or more textbooks in their' ^ 
teaching. The lowest rates of usag^*, 90.5% and 91.4%, were found to occur 
at the Grade 1 and 8 levels respectively . Even considering these two, it' 
is safe to say that the use of textbooks in mathematics classes is virtually 
universal at all grade levels. 

On the whole, teachers-^ are quite satisfied with the textbooks tbey are 
using> although many of them seem to be using 'texta^ which are no longer on, 
the prescribed list. The highest rating of ,dissatisfact;ion with textbooks 
occurred at the Grade 8 level where thirty-six percent of the teachers ex- 
pressed negative opinions. 

More elementary than secondary teachers prefer to have several prescribed 
textbooks for a given grade. However, a clear majority of teachers at each 
level would prefer to have several texts from which to choose rather than just 
qne. Relatively few teachers of math^atics have adopted a multi-text approach 
tcf the teaching of mathematics, if by ^;that approach is meant the more of less 
equal utilization of several texts. A'^ajority of teachers said they prefer 
to use one text predominantly and others^ as the need or occasion arises. An 
overwhelming majority of teachers agree that there should be made available 
an outline of the minimum learning outcomes for mathematics at each leVel or 
• grada^to guide them^'in the selection of textbooks, materials, and activities. 

The fieptembjer 1977 version of the Mathematics Curriculum Guide has been revised, 
^ to i'nclude such an outline. 

\ I ^ 
< Teachers do not require their students to read very extensively from their, 
mathematics textbooks. Among elementary teachers, there is a tendency for - 
those- itl the higher grades to require more reading than in the lower grades. 
Among secondary teachers, there is virtually no difference in this respect 
among teachers at the Grades 8, 10 or 12 levels. 

\ - ' - < ) 

All teachers use their mathematics texts primarily as sources of exercises. 
They appeaij- to be used less freaiiently for purposes of reviewing Concepts pre- 
sented in c^lass, and even less -^equently to develop new concepts. Teachers 
at all levels say they do not want textbpjafc*- which place greatey emphasis upon 
concepts anci principles than upon skil^and drill. They, particularly want 
textbooks t6 provide Material for drill and practice. 

TeacherSv' ratings of various characteristics of annotated teacher's edi- 
tions^ of mathematics textbool^s were positive but tended to decrease as grade 
level increasej^ In other words, all teachers seem to appreciate the value 
of such editions, but they ar!e less important to teachers of the higher grades. 

Teachers were asked to rate the prescribed texts with respect to four 
factors. In general, the twc^ areas which seemed to be a cause for concern ' 
were emph^feis'on problem-solving and" on computation. At 'every grade level, 
a sizeabUei proportioti of the,' texts being evaluated were seen to be weak in 
these twp areas. 
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Classroom Instruction ' 

Of five content areas, drill on number facts and computational skills 
are the two on which elorentary teachers spend the most time. The least 
time is spent on geometry, which may account for the relatively weak per- 
formance students recorded on the geometry items • Secondary mathematics 
teachers spend the most time on problem-solving and algebraic concepts and 
the least time on metric measurement • With less than a year left before 
the metric *iyiits are to be the predominant units used in the schools in all 
instruction, it was found that a majority of teachers are still using both 
the metric and British units of measurement in their teaching. 

All seven groups of teachers surveyed were asked to rate the usefulness 
of a number of teaching resources. They all agreed that the students' text- 
book was a useful resource, and elementary teachers felt that the a^^mpany- 
ing teacher's g^uidebook was useful. District mathematics specialists and 
supervisors were given the lowest ratings of the resources on the list, but 
this may be due to the fact that such personnel are not avai^lable in every 
district. ^ 

In ranking sixteen factors purported to affect mathematics instruction, 
elementary teachers gave high priority to eight. The eight items can be 
organized into the fpllowing three groups; teaching load — reduction of 
class size, reduction of total pupil load, and greater release time fog^ 
lesson pVeparation; materials — more mathematics manipulative materials 
for individual clas^roouSj textbooks more suited to instructional nefeds, 
curriculum guides that outline content in specific terms, and curriculum 
guides that offer more assistance in the instruc^^ional process; training 
more effective in-service and professional development. Secondary mathe- 
matics teachers gave high priority to the following four factoids: reduction 
of class size, textbooks Liore suited to instructional li^ds, ability grouping 
of students for classes, and reductioji of total pupil load. \ 

Some interesting trends were identified from the data .gathered concer- 
ning the frequency of use of selected media, materials, and methods in tHfe 
teaching of mathematics. Elementary teachers make frequent use of only 
one med^m, the chalkboard, in presenting mathematics' lessons . Though the^ 
overh.ead projector is making some inroads, the chalkboard is also the most 
popular teaching aid airons teachers of secondary mathematics.. Elementary 
teachers tend .to make frequent use of more different materials than secon- 
-da^y mathematics teachers and teacher-prepared materials head the lists 
among all groups of teachers surveyed. 

•Total class* instruction and individualized instruction rank first and 
second in frequjency of use. of methods for presenting mathematics instru ction^ 
for all groups. These tv/o^methods rank well ahead of any other method listed 
Learniiig centres were used, much more often by primary teachers than^ by any 
other groups.. ^ ^ i^,^ 
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AlKteachers 4^ere in substantial agreement that elementary students 
should not be allowed to use, hand-held calculators and that senior secon- 
dary students should be* If student;»s are pemitted to use hand-held 
calculators at any level, teachers say that they should not be allowed 
uorestricfed use and they should not be allowed to use hand-held calculators 
during tests. "^Teachers whose students do use hand-held calculators report 
tfiat their students are allowed to use hand-held calculator^ to check work 
as well as to shorten computation time and effort in class work and on non- 
test assignments. Hand-held calculators are also used to offer enrichment 
experiences. Elementary teachers use hand-held calculators to show students 
how to use calculators, to shorten computation so that concepts may b« 
covered in greater Sfepta, and to show multiple examples of concepts* „ 



Over seventy percent of the teachers of secondary mathematics reported 
that comput-ers are not used »for, instructional purposes in their schools. 
Another seventeen percent responded that computers are used for instructional 
purposes in their schools, but that they do not use computers in their mathe- 
'^'m^ics classes. In other words, relatively few teachers of secqndary mathe- 
matics make use of the computers with their classes. 

Teachers were asked to'^^r^te eight evaluation techniques, four teacher- 
prepared ones and four other-prepared, according' to the importance they 
attached to each. Elen^^ntary teachers rated each of the four teacher- 
jjrepared^ evaluation techniques well a^ove* any of the other-prepared ones. 

•Secondary teachers of mathematics rated teacher-p^re|y^ed tests far ab(^ve " 
any other, evaluation technique. They also attachea considerable importance 
to evaluating of performance on assignments and teacher observation -of 

^students' work* » 

Among^ the sources pf mathematics assistance listed, a majority of ele- 
m6ntary* teachers reported the availability of only op^, the mathematics 
resource person at the\^istrict level, . A slight majority of secondary 
' teachers reported the ayailability of mathematics assistance from Learning 
Assistance Centres and of mathematics resource personnel at the ♦school level* 
A substantial proportion of both elementary and secondary teachers said they 
did not have access to Learning Assistance Centres for mathefiiatlcS. 

About fifteen percent of the elementary teachfers reported that th^y had 

mathematics , programs designed by , the teachers of that school to serve as, the 

basis for mathematics instruction. A majority of the secondary mathematics 
teachers reported* the existence of such programs. 



Grade 8 and 10 teachers agreed that students should spend less than 
thirty miniates per day at out-of-class time on mathematics assigtiments, * 
Grade 12 cuathematics teachers felt the students should spend thirty to sixty 
minutes per day on such work. 
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Importance of Selected Curriculum Objectives - 

♦ *• • ^ 

^ All but the Grade 12 teachers were presented lists of poss'ible mathe- t 
matlcs learning o'lTtcomes Jor their specified grades, ^hey were asked to ^ 
rank each learning outcome on a scale from'l (Not Important) to 5 (Very 
Important). Relative t;o this -scaCe,. only about teh p^rce^nt of the learniog 
outcomes were given below average rankings'. "As might haVe b^en expected, ^ t 
the computation-oriented learning outcomes were given hlgn ratings. All ^ ^ 
of the Grade 3 learning outcomes that were ranked greater than A.O were 
/ computation-oriented. The geometry learning outcomes were given i^elatlvely 
^ low rankings By all groups of elementary teachers. Order of operations ^ 
was' ranked second out o| twenty-one learning outcomes by Grade 7 teacher 
but the order of op^e^ions Item on the Grade 8 Mathematics Assessment^^est if . 
' yielded the lowest performance on the test. Learning^ outcomes* that. were, 
common, to. Grade J and 8 were .^en similar rankings, Un most ^cases/ by 
both groupfyof teachers. Grade^O teachers followed the pattern^^hlch had- 
been established by the other groups by giving the cemputatlon-orlented 
learning outcomes Tilgh ratings. Grade 10 mathematics teachers also gave 
high ratings to two geoiiietry and three algebra learning outcdmes. ^ 

/ ' Results concerning minimal mathematics objectives for gradqation from 

/ secondary school sh5wed very clear patterns. All seven groups of teachers 

put a high premium on graduates being able to perform tlfe^otir ^asic oper- 
ations ^ith whole numbers, fractions, and decimals., TheXalso felt it was 
essential that graduates be able to apply their mathematical knowledge in 
both physical-world and consumer-related situations. All teachers agreed 
it was essential for graduates to be able to use the metric units^ of me^- 
surelfient. Differences 'of opinion between elementary teachers and secondary ^ 
teachers of mathematics appeared to be over the more technical aspects of 
mathematics. The two groups disagreed over'the relative importance of being 
j^ble to apply the Pythagorean Theorem, evaluate an algebraic express-ion,^ and . 
use basic formulas'for area and volume with secotidary. teachers assigning- a 
higher ptlorlty to each. ^ , ' 

All teachers surveyed *agreed^that mathematics courses for Grade 8, 9, 
and 10 -should continue to. be re^ulreS . Elementary teachers reacted slightly^ 
more strongly than the secondary mathematics' teachers th6t there shoAild be 
a required mathematics course .for Grade 11. Elementary teachers indicated -n^ 
yy a three-to-on^ margin that a mathematics course st^uld be required in 
Grade 12.* Less' than flft^ percent of the secondary mathem^ti^cs teachers 
ghared this oplnloi*^ 
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8. RECOMMENDATIONS 



Analysis of the test results and of the information obtained •from the 
questionnaire administered to teachers resulted in the formulation of a 
number of specific recommendations for change. The recommendations, which 
were stated in the Test Results and Teacher Questionnair'e reports, are ^ ^ 

presented here as the conclusion of tjhe Mathematics Assessment reports. 

The recommendations have been grouped under several headings, with each 
grouping consisting of recommendations directed at the particular group or 
institution which'*waS judged to tfe primarily interested in or responsible for 
those areas. The notations in parentheses following each recommendation 
refer to the location of the recommendations in the general reports. For 
example, TR 3-1 refers t;o the first recommendation in Chapteif 3 of the Test 
KiBsults report, and TQ 4-2 refers to the second recommendation in Chapter 4 
of the Teacher Questionnaire report. 

The Ministry of Education ; ^ 

- should ensure that all persons teaching mathematics at the elementary school 
level hav'e^ as a required part of their training, the equivalent of at least 
one course in the teaching of mathematics and one course in mathematics for 
teachers i (TQ 2-1) 

- should ensure that all persons teaching mathematics at the secondary school, 
level have mathematics as one of their major areas of undergraduate study^ , ) 
as well as training in methods of teaching mathematics., (TQ 2-2) 

The Curriculum Development Branch of the Ministry of Education ; 
> 

- should undertake the development of a list of mathematical terms which 
studeijits should learn, as well as a. teaching sequence for developing this 

•vocabulary. The list and sequence should take into account the developmental ' ' 

nature of the acquisition of meaningful mathematical vocabulary*. (TR 3-3) 

• »p 

should ensure that materials for teaching the metric system of measurepient 
^^e available in all schools. (Tk 3-5) ' 

- and educattonajrresearchers should address the problem of the optimum time 
•for introduc-i!ng fraction concepts in the mathematics classroom, bearfrig in 
mind children's age,' their level of development, and the sophistication of . 
the ideas involved. (TR- 3-7) / '\ ^ 

- should consider the impact of the use of hand-held calculators in m^tthematics 
classrooms at various levels, and provide guidance to teachers of nj^them^i tics- 
regarding the most appropriate uses of these devices In their teaching. (TR 5-3) 

- should examine the situation with regard to the ^teaching of ^percent and its 
applications, and give specific suggestions to teachers regarding appropriate v 
materials to be used in teaching these topics. (TR 5-5) 



should give immediate and serious consideration to ways and means of ensuring 
that all students completing Grade 12, hav.e been taught the major topics of 
consumer mathematics. (TR 5-8) , ^ * 

.should^ reconsider the nature and the scope of the geometry curriculum at the, • 
secondary school level. (TR 5-9) • • 

should provide teachers of mathematics with an outline of the minimum learning . 
outcomes at each level or grade to aid them in the' selection of ^ textbooks, 
materials, 'antl activities. (TQ* 4-1) / ^ ^ " • 

should conduct a study to discover why so many elementary teachers are "still 
"Sing Seeing TJiPOugh Arithmetio texts even 'though they are no longer pre- ' 
scribed. (TQ 4-2) , ' ' . . * ^ 

along with school district curriculum specialists and textbooks publishers, 
should take^ steps to ensure that mathematics textbooks for all grades are^ 
designed to be easily read by the students, inasmuch as it is possible to do so. 
(TQ 4-4, 4-7) , • ^ ^ ^ ♦ 

and persons responsible 'for the approval and adoption of mathematics textbooks 
at the Grade 8 level, should take under advisement the concerns expressed^by 
Grade 8 teachers regarding the level -of emphasis on computational, skills and 
problem-solving in^he prescribed textbooks* (TQ 4-9) ^ 



^ol Districts, ; * . 2t ^ 

;plore? ways-and means of making specialists' services more readily 
i arfd of more benefit to teachers of mathematics. . (TQ 5-1,* 5-2) 

- should ensure t^at Learning Assistance Centres which provide remedial' 
services in mathWatics are available in all schools. (TQ 5-4) . 



- should ex; 
available 



Schools: 



- should provide elementary teachers with appropriate manipulative devices . 

for the teaching of place value concepts and of operations on numbers. (TR 3-1) 

- and school districts should erasure that .materials for teaching the metric 
system of measurement are available in all schools. (TR *3-5) *, ' 

- should encourage more female' students to continue their studies in mathematics 
at the senior secondary level. (TR 5-1) 

- should implement programs to- familiarize all students, bxifc especially those 
at the senior secondary levels, with tlie basic concepts and principles of 

^ the metric system of measurement. (TR- 5-4)* / . . ' 

- should^ apply for group membership in various subject-matter specialist assoc- 
iations, thereby making \he benefits of membership available. to all staff 
members. (TQ-2-3) — ^ 

- should ensure that all secondary mathematics courses are taught by only those 
teachers who are qualified to do so. 'Partfcular attention in this regard 
should be paid to the Grade 8/ level. (TQ 2-4) . ' ' 
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Tea'chers of mathematics and curriculum developers ; 

- should encourage the use of "appropriate learning aids for the teaching of 
place value concepts and of operations *on numbers. (TR 3-1) 

- and teacher, educators, should stress th^^^overriding importance of place value 
concepts and the necessity ot developing understanding af place Value concepts 
by using concrete learning aids. 

- at both the elementary and secondary levels should , emphasize classroom, 
school/ and local situations for developing 'real' problem-solving experiences 
which will 6e relevant to th^ir students. (TR 3-8^ 5-7) 

- should take special care to lay the foundations for understanding of the expan- 
sion of the. num^eration ^system to the decimal form of rat^ional numbers. Under- 

^ ^ ^standing of the decimal form of rational numbers should then be used to improve 
perfortoance with the four basic operations with decimals. (TR 4-1) 

\ 

- should place more emphasis upon decimals and operations with decimals than 
upon fractions. (TR 4-2) ^ 

- should emphasize the im^p^rtanC^ of geometry and measurement at both the ele- 
mentary and secondary levels. (TR 4-3, 4-5)' 

- should emphasize the topic of equivalent forms of rational numbers. Students 
need many experiences of starting with a rational number iti fraction form, 
decimal fom, or percent form and writing it in the other two forms. (TR 4^4) 

- should place greater emphasis uporiPthe topic of Order of operations if this 
topic ds to remain a part of the mathematics cur,riculum^f the elementary 
grades (TR 4-6) * « " ^ ' \ 

- at all levels should stress the overriding importance of problem-solving in ^ 
mathematics, and they should attempt to teach their students various strategijgs 
to employ in attempting to solve problems in mathematics. ' (^ 4-7, 5-6) 

- at all levels should place more emphasis upon teaching students how to read 
mathematics texts with understanding. (TQ 4-3, 4-6) 

- at all levels shauld vary their teaching approaches to include such tech- 
niques as the use of learning centres and mathematics laboratory activities. 
(TQ 5-3) * ' ^ \ ' 

Those involved in the education of teachers : , 

- whether pre-service or in-service, are urged to -emphasize-^the importance of 
having students use manipulative devices as models for mathematical concepts 
and 'skills at all times, but particularly when such concepts and skills are 
being 'introduced for the first time. (TR 3-2) 

^ - should organize "^f^^shops and conferences dealing with the metric system as 
^ ^ a follow-up to what has already been done. Such workshops and conferences 
should emphasize the b^st materials and methods to be used in the teaching 
of measurement, and they should* stress the importance of students obtaining 
"hands-on experience" in measuring in order to facilitate the development 
of their ability to "THINK METRIC". (TR 3-6) • 

' ■ ' 



- should^ emphasize the importance of instruction in geometry in the elementary 
school mathematics curriculum' (TR 4*-3) , 

- should encourage their students to develop the skills required to use alter- 
native teaching strategies such as the use of learning centres and mathematics 
laboratory activities. (TQ 5r3) . * , . . 

Educational researchers ;' ^ • [ - * . 

- should attempt to ascertain why such a high, proportion of female students 

do not continue to study mathematics beyond the level of the last cpmpulsory" 
course/ Mathematics 10. Such rfeseai^ch. should be given high priority by the ' 
Ministry of Education,' (TR 5-1) 

- and supervisors of insti;uction should investigate the ways in which mathe- 
matics textbooks are used ;at all levels in an attempt to cl^aiflfy ^he / 
interaction between teacher-based discussion and textbook-based discussion. 
(TQ 4-5, 4-8) . 




should investigate in greater deptihJJii^^relationship .bet^ween achievement 
in mathematics, and si^ch student background .variables as age, sex differences, 
number of schools attended, amount of television watched, national origin Ind 
first language^ use of hand-held calculators, time spent on assignments, 
-parental educational level, and future plans. * . \ M ^ 
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SCHOO LS OF THE PILOT TESTING ' ^ ^ 



The authors of this report are very grateful to the administrators 
"Staff of the following schools which^participated in piloting' the 
student tests in the autumn of 1976. 



Grade 4 Piloting 



DoMgTas Road Elementary, Burnaby Schoal D'istrict 

Hillcrest Elementary, Coquitlam School District 

King George V Elementary, Prince George School District 

LakevieWElementary , Burnaby School District 

MacDonald Elementary, Vancouver School^ District 

Muriel Baxter Elementary, Cranbrook School District 

Sir William Van Horne Elementary, Vancouver School Disi;rict 



Grade 8 Piloting 




Grade 12 Piloting ' • ^ . 

Alpha, Secondary , Burnaby Sdhool District 
Gladstone Secondary, Vancouver School District 
Handsworth Secondary; North* Vancouver School District 
Kelly Road Secondary, Prince George School District 
Kitsilano Secondary, Vancouver School District 
Mount Ba^er Secondary, Qranbrook School District 
Port Moody Senior Secondary^ Coquitlam School District 
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MATHEMATICS RCVIEW PANELS 



Review panels comprised of educators and members of the lay public were organ- 
ized 'in the autumn of 1976 at four provincial centres to examine and amend the 
proposed objectives of the mdthem.atics assessment before the student tests were 
developed. • ' ' 
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^. CASTLCGAR REVIEW PANEL 

t 

Mr, Jack Allen, Supervisor 
Cra^ibrook School District 

Mr. l^rry Cerny, Teacher 
Fernje School District 

•Ms, Sheila Crane, Teacher 
Arrow Lakes Sch'ool District 

Mr. Jack Edson, Teacher 
Nelson School District 

Mr,. Dale Fike, Personnel Offic^r^i 
Cominco, Trail V 

Mr, Bruce Gerrard," Teacher 
Castlegar School District 

Mr. T9m GptJ^eon, Teacher 
Castlega^r School District 

Mr. Tom. Johnson, Teacher 
Nelson ^^chool District 

Ms. Soan Knowl^s, Teacher 
CastTegar- School District 

Mr. Pater Makiev, Teacher 
Nelson School District ^-^ 



Mr.. Gary Mitchell, Teacher \_ 
Cranbraok School District 

Mr. Bruce Morrison, Teacher 
Arrow* Lakes School District 

Mr. SebaXtiarf Nutini , Supervisor 
Trail School District.'- • * 

Mr.' Frank Perehudoff, Teacher 
Castlegar School District 

Mrs. Jean Ryley, Primary Co-Ordinator 
Cranbrook School District - V 

*. ♦ 
Mr. Dan Shimizu , Teacher 

Trail School District > ^ 

Mr. Mad Sinclair, Selkirk 
•Community College, Castlegar 

Mc. Satoshi Uchid.a, Teacher' 
Castlegar School District 

Mrs. Ade>e Yule, Hotnemak^r 
Castlegar 




RICHMOND REVIEW PANEL . . ^ . 

Mr. Dominic Alvaro, Teacher ' . 
North Vancouver SchpoTDistrict 

Mr. Peter Beugger EleTfTemtary 
Consultant, North Vancouver School 
District. 

Mr. Robert Campbell, Teacher 
Richmond Sthool District- 

Ms'. Evelyn Grimston, Teacher 
Burnaby School- District 

Mr;* Don Heise, Teacher ^ 
Burnaby School District 

Mr. Henry Janzen, Teacher 
Delta SchocW pistrict 

Mr. Ted Kagetsu, Teacher 
Richmond School District 

Mrs. Madeline Noble, School Board ' 
Member, Richmond School District 

Ms. ^ Linda O'Reilly, Teacher 
' VancQUver Schpol District/s^ ; ^ * 

Mr. Garry Phillips, Teacher 
New Westminster School District 

Mr. Sernie Pregler, Continuing £^ucati( 
Administrator, Coquitlam School uistri( 

Mr. Dave Rivers, -Education .Services »\ 
Officer, British Columbia School - 
Trustees Association, Vancouver ' ' 

M§. Pat Takasaki, Teacher 

Kichmond School District *' ' 

Mr. Alan Taylor, Teacher - 
Coquitlam School District 

Mr. R. Bf'uce Wood, Teacher 
Vancouver School NDistrict 
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HANEY REVIEW PAN FL 

Mr. Ken Abramson, Teacher 
Chilliwack Schoe^,! District 

Mrs. Mar^ Ammerlaan, School Aide 
Maple Ridge 

Mr. 0. Allistair Brown, Chartered 
Accountant, Maple Ridge 

Mrs, Helen- Casher, School Board 
Member, Maple Ri.dge School Disiri^ 

Mr, Mike Cianci, Teacher 
Kamloops School District 

^ 

Mr. Richard Call ins. Teacher 
Cocjuitlam School District ^ • 

Mr,"^mes Connor, Supervisor 
Maple Ridge School District 

Mr, Neville Cox, School Board ^ 
Member, Mission School District 

Mr, Alan Davies, Teacher* 
CoquitVam School District 

Mrs- Grace Dilley< Curriculum 
Advisor, Surrey School -District 

Mr, Gefirge^E.ldridge, Teacher 
Kamloops S^chooV* District 

Mr, Len Fowles, ^incipal 
Kamloofts School District 

Mr,' Roaer Frescjii , Teacher 
Coquitlam School District 

Mr, Ralph Gardner, Supervisor 
Coquitlam School District 

Mr. Kiyo Hamade\ Teacher 
Langley School District 

firs:- Lynda Haylow, Homemaker 
Maple Ridge 

Mr, Peter Koropatnick, Teacher 
cMflliwtfck School Dtstrict 

Mr, Roy Kurita, Teacher 
^ Surrey^ School District 

Mrs,.02an McSweeney, Teacher 
Chilliwack School. Qi strict 

Mrs, Marion Mussalem. \ • 
Homemaker, MapTe Ridge 



Mrs^ Mary Wright,- Teacher 
Langley School District 



.VICT ORIA REVIEW PANEL 

Mr. George Atamanenko, TjDwn ^ 
Planner, Victoria 

Mrs. Jean Barnes, Teacher 
Gulf Islands School' District, 

Dr, William Bloomberg, Forest * 
Chemist, Victoria 

Mr,, Geoff Booth, Teacher 

Nanaimo School District > 

Mrs, Kirsten Cox, T-eacher 
Qualicum Schopl District- 
Mr, William QaTe, Teacher 
Qualicum School .District 

Mr, John Epp, Teacher 
Sooke School District 

Mr, David Harris, Teacher 
VictoV^ia School District 

Dr. Harold Knight , ^'School Board 
Member, Victoria School District 

Mrs, Helga Lenke, School Board 
Member, Lake Cowichan School District ^ 

Mrs, Rosemarie Lowe, Toucher 
Sooke School* District 

■ Mr, Daryl Mclntyre., Principal ^ i 
. Sooke School .District . - /, 

Mrs, Betty Morphet, Teacher 
Lake Cowichan School District - 



Mrs. Margaret NeTson,- Homemaker 
Victoria 

Mr, Arthur Olson, Principal ' 
Qualicum School Qi strict 

Ms. Linda 0*Reilly, Teacher 
Vancouver School District 

Mrs, Margaret Strongi tharm, Xeacher / 
Nanaimo School District^ 

Mr, Brian Tetlow, Teacher 
Victoria School District 

Dr. James Vance, Faculty of Education 
University of Victoria 
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Review Panel with thp -Matliematlcs Revision Committe e 

In October of 1976, the Contract Team met with the following members of the 
Mathematics Revision Committee to obtain their opinioi>s-a3>>the proposed 
7 design of the mathematics assessment: . • ' 

Mr. James Bourdon, Supervisor, NoVth Vancouver School District 
Mr. Ronald Edmonds, Teacher, Victoria School Distritt" 
Mr. Earl Johns', Teacher, Va^/?i,couvar School District 
Mr. Stan Heal, Teacher, Courtenay School District * 

Dr. Elizabeth^ Kennedy, Faculty of Arts & ScieVice, University of Victoria 

- Mr. William Kokoskin, feacher, "North Vancouver Schqol District 

Mr. George Nachtigal, Teacher, Abbotsford School District 

Mr. WiTlard Dunlop, Consultant, Curriculum Development Branch, Ministry of 
Education 
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The follo\;/ing- throe .panels contritjutecTto the interpretation of test results by 
rating the pupil performance on each item.. . * * 

Grade 4 Test Interp r etation Panel ' . . ^ . . . ' 

Mr. Jack Allen, Supervisor, Cranbrorff: School District • 
Mr, James Bourdon i Supervisor North Vancouver School Distwct 
Mrs. Jacquie Boyer, -Schaol Board Member, Coquitlam School District > . . 
Mrs. Grace .Dilley, Curriculum Advisor,' Surrey SchoolfDistrict • 
Miss Evelyn Grimston, Teacher, Burnaby School District 
Mrs. Jean Hall, Homemaker, Vancouve-iv 

Mrs. Helen MacDonald, School Board Me'mber, Mission School District ' . ' . 
Miss Pat Montgomery, Teacher, Vancouver School District 
Miss Paf Pende>3-, Teacher, Vancouver School District 
Mr. Ed Richmond, Faculty of Education, University of Victoria 
Mrs. Anne Robarts, Teacher, Vancouver School District - . . ' 
MrsrShirley Rudolph, Teacher, Vancouver. School District 
Ms. Pat Takasaki, Teacher, Richmond School District 
Dr. J6hn Trivett, Faculty of Education, Simon Fraser University. . . 
Mrs.. J. L. Wisenthal ,■ Homemal<er, Vancouver 

Grade 8 Test Interpretation Panel ^ ' ^ " 

Dr. Irving Burbanki Faculty of Education, University ofl Victoria " / 

Mr. Robert Campbell , Teacher,. RiQhmond^chool District \ 

■Mr. Richard Collins, Teacher, 'Coquitlam School District - • , • 

;^rs. Jshbel Elliott, School Board Member, Richmond School District 
Mrs. Barbara Girling, School Board Member, Surrey- School District 
Mr. "Don Hei^e, Teacher, >Burnaby School Distrrct ' • ^ 

Mr. Henry Janzen, Teacher, Delta School District ' ■ , 

Jlr. William Kokoskin, Teacher, North Vancouver School District 
Mrs. M. Mussalem,' Homemaker, Maple Ridge . . 
Mr. Tomo Naka, Principal, Nelson School, District ' . - ■ 

Mr. Sebastian Nutini-, Supervisor, Trail School District- 

Dr. Douglas Owens, Faculty of Education, Uni-versity of British Columbia' ' ^ 
Mr. Thomas Poul ton,. Teacher, Delta School - District 
Mr. Brian Tetlow, Teacher, J/ictoria Schoo.l District 

• Grade 12 Test Interpretation Panel °' ' ^ 

Mr. Dominic-Alvaro,, Teacher, .North Vancouver School District 
Dr. Thoittas Bates, Faculty of Education, University of "British Columbia 
Mr. Peter B£nson,* Directpr of Education, Institute of Chartered Accountants , 
J HorXh ^ncouver • ' , ' J 

Mr; TIeville Cox, School' BoaM Member, Mfssion Sqhpol District . 
Mr. Michael" Downing, Supervisor, West Vancouver School .District 
Mr.* John Epp; Teacher^ Sooke School District , ^ 
Mr\ Ian Hooper, Teather, Vancouver Schoal District . 
Dr. Ted Home, Faculty of Educatiortv University of Victoria ' ■ 
Mrs. Diane McKendrick, Scho.ol Board fWmber, PovieTl River School District 
Mr. , Frank Perehudaff, Teacher, Gastlegar School District 

Mr. Bernie Pregler, Continuing Education Administrator, Coquitlam School District 

Mr. Mel Richards, Principal, Richmond. School District 

Mrs. Ona Mae Rpy, President, B: C. Home &^ School Federation, Port Moody . 

Mr. Alan Taylor, Teacher, Coquitlam School . District ^ . 

Mr.. R. Bruce Wood, Te^icher, Vancouver School'Distnct 
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